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A TEN-YEAR ECOLOGICAL STUDY OF ADJOINING GRAZED 
AND UNGRAZED WOODLANDS IN NORTHEASTERN OHIO 


INTRODUCTION 


The most effective and profitable soil and water 
conservation practice that farmers can apply to 
woodlands is the elimination of grazing. Studies 
conducted by Auten (1941) show, for example, that 
woodland soils protected from grazing are capable 
of absorbing rainfall “50 times as fast as comparable 
field soils.’ The average loss of water by surface 
runoff from a proteeted woodland at the Soil Con- 
servation Experiment Station, Zanesville, Ohio, for 
a 6-year period was only 3.4 percent of the total 
rainfall. During the same period, the runoff loss on 
pasture was 15.2 pereent and on cropland, 23.3 per- 
cent. Soil losses for the same period were 0.09 ton 
per acre from woodland, 0.8 ton per acre from pas- 
ture, and 133.6 tons per acre from cropland (Borst 
& Woodburn 1941). 

These facts spur conservationists to assist and 
encourage protection of woodlands from grazing. 
They are not, however, the kinds of facts to convince 
farmers that it pays them to fence their woodlands 
for this purpose. To this end, tangible economic 
and aesthetic benefits must be demonstrated before 
livestock will be excluded from the millions of acres 
of woodland now being depleted by grazing. In an 
effort to obtain such economie data and to determine 
the biologie effects of grazing, a study was conducted 
in a pastured and an adjacent unpastured sugar 
maple woodland in Burton Township, Geauga County, 
Ohio, during the 10-year period between 1932 and 
1942. 

This study was eondueted while the writer was 
employed by the United States Soil Conservation 
Service. Many of his associates in this organization 
have offered helpful suggestions and otherwise as- 
sisted in the conduct of the study. Particular thanks 
are due Dr. R: W. Gerdel for help on the soil studies 
and to Dr. Warren W. Chase for editing the manu- 
script and supervising its preparation. Mr. Edward 
8. Thomas of the Ohio State Museum assisted in 
obtain‘ng field records during 1942 and Mr. R. M. 
Kriebel identified the grasses and sedges collected. 
Dr. E. N. Transeau kindly reviewed the manuscript 
and offered many helpful suggestions. The study 
could not have been made without the full coopera- 
tion of the woodland owners, F. E. Kibler and Frank 
Urbanowiez. Mr. Kibler, owner of the ungrazed 
tract, assisted in laying out plots and in obtaining 
yearly records of maple syrup production. 


DESCRIPTION AND HISTORY OF AREAS 


The areas studied have provided an unusually 
good opportunity to compare both plant and animal 
abundance under grazed and ungrazed conditions in 


woodlands otherwise very similar. They are con- 
tiguous tracts which are separated only by a three- 
strand barbed wire fence (Figures 1 and 2). One 





Fig. 1. Adjacent grazed and ungrazed sugar-maple 
woodland. Burton Township, Geauga County, Ohio. 
1941. The area to the left has not been grazed since 
the fall of 1931. 
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tract comprises 7.9 acres and the other 12.4 acres. 
Both areas have been managed as maple syrup camps 
for approximately 50 years. The smaller tract was 
purchased by its present owner in 1911. The larger 
area has passed through several ownerships during 
this time. Both areas were grazed lightly by cattle 
and horses prior to 1911. 
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Lanp Usr. Som AND CLIMATE 


The 7.9-acre area was severely grazed from 1911 
until the spring of 1932 when a fence was built to 
exclude livestock. The intensity of grazing varied 
somewhat from year to year during this period but 
averaged one animal unit for each acre of pasture 
and two animal units for each woodland. 
This area has been continuously protected from graz- 
ing since March 1932 and is referred to in this 
intensive 


acre of 


study as the “ungrazed woodland.” Less 
grazing occurred in the 12.4-acre area, referred to 
as the “grazed” woodland, and,during several sea- 
sons between 1911 and 1932 no grazing took place. 
Between 1932 and 1942, grazing intensity averaged 
one animal unit per acre of pasture and three-fourths 
of an animal unit to each aere of woodland. 

The size, shape, relative position, adjacent land 
use and drainage pattern of the two areas are shown 
in Figure 2. Topography in both traets is similar, 
ranging from nearly level in the eastern to gently 
rolling in the western part. The soils are composed 
of loam and silt loam of the Canfield and Ravenna 
soil series. These are upland glacial soils of the late 
Wiseonsin drift. They differ somewhat in the char- 
acter of the subsoil, degree of acidity, and natural 
drainage (Mooney et al. 1916, Conrey 1937). The 
subsoil of the Canfield series is slightly heavier than 
the surface soil; is pale yellowish-brown, gray mot- 
tled below 16 to 24 inches; is acid, and has fair to 
good natural drainage. The Ravenna sub- 
soil is slightly heavier than the surface soil. It is 
only about 8 inches below the surface and is mottled 
yellowish-brown and gray; natural drainage is poor, 
and the surface soil is very acid. 


series 


The two series are so intermingled in the areas 
that it is difficult to segregate them. Approximately 
60 pereent of the ungrazed area is composed of soils 
of the Ravenna series, 35 percent of the Canfield 
series, and 5 percent of sandy knolls. In the grazed 
area the Canfield series comprises approximately 65 
percent of the area; the Ravenna series, 30 percent, 
and sandy knolls 5 percent. The pastured area thus 
has somewhat better natural drainage and soil poros- 
ity than the ungrazed area. 

The climate is very favorable for the development 
of beech-maple forests and for the manufacture of 
maple syrup (Hill 1904). The winters are long and 
annual snowfall averages in exeess of 60 
The short average growing season of 134 


cold and 
inches. 
days is marked by moderate temperatures and good 
distribution of rainfall. Average annual temperature 
is 47.2° F.; maximum temperature, 95° F.; and the 
minimum officially recorded is 30° F. below zero. The 
mean annual precipitation is 39 inches. 


MANAGEMENT PRACTICES AND CONDITION 
OF THE WOODLANDS 


The original composition of both tracts of wood- 
land was probably the beech-maple type with chest- 
nut on the sandy knolls. Selective cutting during 
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the last 125 years to obtain lumber for construction 
of buildings, posts for fencing, and wood for fuel 
has removed most of the white ash, tulip poplar, 
black cherry, red and white oaks and cucumber mag- 
nolia, which were also present in the original forest. 
This statement is based on material in buildings on 
the two farms and identification of the remaining 
stumps in the woodlands. 

For the past 50 or more years, both areas have 
been managed for the production of maple syrup. 
Practically all of the beech has been cut during this 
time to provide fuel to boil down maple sap into 
syrup. Ninety-one percent of the present stand is 
made up of sugar maple. The remaining 9 percent 
includes small numbers of red maple, white oak, red 
oak, tulip poplar, black cherry, beech, cucumber mag- 
nolia, white elm, bitternut and shagbark hickories, 
basswood, tupelo, butternut, and hop-hornbeam. 

Tree diameters, at breast height, range from 2 to 
36 inches, with the mean being between 10 and 12 
inches. Ninety-seven percent of the stand is under 
19 inches in diameter. Based on counts of annual 
rings, the average age of the stand is 65 years. The 
trees average 72 feet in height and have a crown 
depth of 38 feet. Due to less severe cutting opera- 
tions, the ungrazed area had, at the beginning of the 
study, 107 trees to the acre with an average basal 
area of 71 square feet per acre as compared with 
85 trees with 66 square feet basal area per acre in 
the grazed area. Basal area was determined by 
measuring the diameter of all trees in both woods 
at breast height, approximately 4.5 feet. 

At the time the ungrazed woods was fenced to 
exclude livestock in March, 1932, both woods had 
reached the transitional stage of forest degeneration 
(Day 1932, Den Uyl 1938). Seedlings of tree spe- 
cies in both areas were practically absent and only 
a few stunted colonies of herbaceous plants remained. 
These included such grazing tolerant species as May 
apple, partridge berry, grape fern, sedges and sev- 
eral pasture grasses and weeds. Leaf litter was 
scant or absent in the western part of both areas 
and had accumulated in the eastern part and in de- 
pressions. The roots of many trees were exposed by 
trampling of livestock, and an abundance of large- 
sized sandstone fragments at the surface in some 
places indicated soil loss from water erosion. Graz- 
ing injury was much more pronounced in the pro- 
tected than in the grazed woodland. 

During April and May of 1932, 1,500 one-year-old 
nursery grown white ash seedlings and a total of 500 
three-year-old Scotch pine and Austrian pine were 
set out in openings and along the south and east 
border of the ungrazed woodland. A 2-row planting 
of 8-year-old Seotch pine was made also along the 
west margin of this woods in 1937. Nearly half of 
this planting failed. In 1938 a 4-row planting of 
5-year transplant nursery grown blue spruce was 
made as a Christmas tree and windbreak planting 
adjacent to the or‘ginal Seotech pine and Austrian 
pine border. 
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TIME AND METHOD OF OBSERVATION 


Following exclusion of livestock from the 7.9-aere 
area in 1932, general observations were made to 
note what effect removal of livestock had on the 
natural increase of forest trees, of herbaceous plants, 
of forest wildlife, and of maple syrup production. 
Observations were made. each year on Memorial Day, 
Fourth of July, and Labor Day and during Christ- 
mas week. Beginning with Christmas week of 1937, 
more detailed observations were made, and permanent 
sample plots were established in both areas. Changes 
in vegetation were recorded annually in these plots. 
As the study progressed, it appeared desirable to 
investigate additional components of the woodland 
biota, including invertebrate and small mammal pop- 
ulations. The physieal properties of the soil were 
also studied. A summary of these observations and 
studies and the data obtained is given below. 


DEVELOPMENT OF YOUNG TREES 
FROM SEEDLINGS 


Protection from grazing did not immediately re- 
sult in the appearance of seedlings. During 1932 
and 1933, no notable difference in seedling develop- 
ment was evident in the two areas. An unusually 
good seed crop in 1933 was followed the next year 
by the appearance of thousands of young seedlings, 
principally sugar maple, in the eastern one-third of 
the ungrazed area. These seedlings attained an av- 
erage height of 5 inches and persisted throughout 
the summer. In the grazed area seedlings also ap- 
peared in abundance, but they were practically all 
destroyed by midsummer. Each succeeding year 
seedling trees became more abundant and vigorous 
in the ungrazed area. Development continued most 
rapidly in the eastern part but by 1938 there was 
a rather uniform mantle of seedlings covering the 
entire forest floor. At this time there was an average 
of 39,800 seedlings per acre (Figure 3) with an 
average height of 16 inches. In the exposed western 
part, seedlings ranged from a few inches to a foot 





Fig. 3. 
grazed woodland. 1941 


Close up photograph of reproduction in un- 
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in height, while at the opposite end they varied be- 
tween 1 and 10 feet. During the same years the 
grazed woodland went through a seasonal eycle of 
early seedling development and their removal later 
by midsummer grazing (Figure 4). 





Fig. 4. Close up photograph of forest floor in grazed 


woodland. August 1942. 

In May, 1938, 25 milacre reproduction plots were 
established in the ungrazed area, and 40 similar plots 
were set up in the grazed tract. Plot lines were 
established two chains apart and the plots one chain 
apart on these lines to avoid bias in their selection. 
Approximate location of the plots is shown in Fig- 
ure 1. Records of the number, kind, and vigor of 
all woody plants found in these plots were obtained 
during the last week of May in the years 1938 to 
1942, inelusive. A summary of the data is shown 
in Figures 5 and 6. Records were also kept of 
other species and of individual dominant trees that 
did not appear in the plots. 

As ean readily be ascertained from Figures 5 and 
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Fig. 5. Natural reproduction. Number of seedlings 
per acre. 
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6 sugar maple is the dominant species reproducing 


in both traets. Eighteen other species are present, 
ineluding cucumber magnolia, sassafras, basswood, 
apple, common juneberry, slippery elm, blue beech, 
shagbark hickory, and tupelo which did not appear 
in any of the plots. 

Tulip poplar and white ash are the only species 
reproducing which are growing as rapidly as sugar 
maple. In the eastern part of the woods some of 
the young trees of this species have outgrown the 
maples. A few of them already tower 12 feet above 
the maple clumps. 
tained a height 


One outstanding tree has at- 
of 23 feet and a diameter of 2% 


inches within 8 growing seasons. These individual 
trees, of which there are now 6 over 2 inches in 


diameter, usually appear singly in openings where 
young maples are abundant. They rapidly overtake 
the maples in both diameter and height growth. 
The approximately 50 larger white ash are the 
survivors of 1,500 one-year-old thrifty seedlings 
planted in openings in the spring of 1932. They are 
barely ahead of the maples in height and diameter 
growth. Most of the planted trees have been over- 
topped by the thousands of young maples which came 
up around them. Five hundred Seoteh and Austrian 
pines planted at the same time have been completely 
shaded out by the abundant hardwood seedlings. 
Growth of the remaining species is decidedly slower 
except for several slippery elms which came up 
around a tree felled by lightning in 1935 in the 
western part. These trees have been favored by the 
fact that until recently growth and establishment of 
sugar maples in this end of the area was slower 
than in the interior and eastern parts. The wind- 
break planted along the western boundary in 1938, 
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has apparently resulted in increased seedling growth 
in this part of the woodland. Over the tract as a 
whole, however, there is a decline in the number of 
seedlings because of overcrowding. 

No marked change in the appearance of the forest 
floor has taken place in the grazed area since ob- 
servations were begun in 1932. The number of seed- 
lings per acre has varied each year according to the 
abundance of the seed crop and the intensity of 
grazing preceding the time of observation. By mid- 
summer or early fall of each year only oeceasional 
seedlings remain. Invariably these are close to the 
trunks of trees or beside rocks where they are not so 
readily reachéd by livestock (Figures + and 7). The 





Fig. 7. 
as illustrated by the abundant wild black cherry fruits 
shown in this picture, is adequate for natural restocking. 
By early fall the seedlings produced are usually eaten 
by cattle except for a few which escape at the base of 


Tree seed production in the grazed woodland, 


trees or large stones. August 1942. 


seedlings of only five species (sugar maple, red 
maple, black cherry, red oak and white oak) were 
found growing in this tract. During the 11 years 
this area has been under observat’on, not a single 
seedling has attained a height of 1 foot and only a 
few seedlings have lived more than one season. 


DEVELOPMENT OF HERBACEOUS AND 
SHRUB SPECIES 
The development of herbaceous and shrub spec‘es 
in the ungrazed woodland lagged behind that of tree 
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reproduction for several years. Only those species 
which persisted through the grazing period made 
immediate recovery. The common woodland plants, 
such as upland ladyfern, spinulose shieldfern, boul- 
der fern, hairy disporum, perfoliate bellwort, rue 
anemone, and Dutehman’s breeches were not evident 
until 1937 and 1938. Since then the flora of the 
area has inereased greatly both in number of species 
and abundance of plants. There now are frequent 
colonies of such plants as large flowered trillium, 
Jack-in-the-pulpit, wild leek, round-lobe hepatica, 
Dutehman’s breeches, squirrel corn, wild crane’s bill, 
and even two small colonies of ginseng (Figure 8). 


Fig. 8. 
developed in the ungrazed woodland since livestock were 


A portion of a colony of ginseng which has 


excluded. August 1942. 


The sources of these plants are uncertain. Prob- 
ably many of them persisted as suppressed speci- 
mens that escaped early attention. The presence of 
some of them in the grazed woods, which were found 
after an intensive search in 1942, strongly supports 
this possibility. The seeds of others have probably 
been brought in by birds and small mammals. This 
is believed to be particularly true of the shrubby 
species, such as sassafras, spicebush, paw paw, Vir- 
ginia rose, hawthorns, and elderberry. 

In Table 1 a list of all the vaseular plants re- 


corded for both tracts is presented. Some species 
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abundance of plants in ungrazed 





Species! 


Acer rubrum L. 

Acer saccharum Marsh. 
Allium tricoccum Ait. 
Alsine media L. 


Amelanchier canadensis 
(L.) Med. 

Arisaema triphyllum 
(L.) Torr. 

Asimina triloba (L.) 
Dunal. 

Aster paniculatus Lam. 

Athyrium angustum 
(Willd.) Presl. 

Botrychium dissectum 
Spreng 

Botrychium virginianum 
(L.) Sw. 

Benzoin aestivale (L.) 
Nees. 

Bicuculla canadensis 
(Goldie) Millsp. 

Bicuculla cucullaria 
(L.) Millsp. 

Cardamine bulbosa 
(Schreb) B.S.P. 

Carex cephalophora 
Muhl. 

Carex convoluta 
Mack. 

Carex laxiculmis 
Schw. 

Carex sparganioides 
Muhl. 

Carpinus caroliniana 
Walt. 

Castanea dentata 
(Marsh.) Borkh. 

Caulophyllum thalic- 
troides (L.) Mx. 

Cimicifuga racemosa 
(L.) Nutt. 


Cinna arundinacea (L.) 


Circaea lutetiana L. 


Cirsium altissumum (L.) 
Spreng 
Claytonia virginica L. 


Cornus amomum Mill. 
Crataegus coccinea LL. 
Crataegus crus-galli L. 
Crataegus punctata Jacq. 


Dennstaedtia puctiloba 
(Mx.) Moore 
Dentaria diphylla Mx. 


Dentaria laciniata 
Muhl. 

Disporum lanuginosum 
(Mx.) Nich. 

Dryopteris spinulosa 
(Muell.) Ktz. 

Equisetum arvense L. 

Euonymus obovatus 
Nutt. 

Eupatorium urticae- 
folium Reich. 

Erigenia bulbosa (Mx.) 
Nutt 

Erigeron pulchellus Mx. 
Vagus grandifolia 
Ebrh. 

Fragaria virginiana 
Duch. 

Frasera carolinensis 

alt. 
Frazxinus americana L. 


Galium concinnum 

T. and G. 
Geranium maculatum L. 
Geum canadense Jacq. 


Glecoma hederacea L. 


Glycine apios L. 


Red maple 
Sugar maple 
Wild leek 
Common chick- 
weed 
Common june- 
berry 
Jack-in-the- 
pulpit 
Papaw 


Panicled aster 

Upland lady- 
fern 

Cutleaf grape- 
fern 

Virginia grape- 
ern 


Spice bush 
Squirrel-corn 


Dutchmans 
breeches 
Bulbous bitter- 
cress 
Oval-headed 
sedge 
Convolute 
sedge 
Spreading 
sedge 
Bur-reed sedge 


Blue beech 
Chestnut 
Blue cohosh 
Black cohosh 


Wood reed- 
grass 
Common 
enchanters 
night shade 
Tall thistle 


Spring beauty 
Silky dogwood 
Scarlet thorn 


Cockspur 
hawthorn 

Dotted 
hawthorn 
3oulder fern 


Two-leaf 
toothwort 

Cutleaf 
toothwort 
Hairy disporum 


Spinulose shield- 
fern 

Field horsetail 

Running straw- 
berry bush 

White snakeroot 


Harbinger-of- 
spring 

Showy fleabane 
American beech 
Virginia 
strawberry 
American 
columbo 

White ash 


Shining 
bedstraw 

Wild crane’s 
bill 

White avens 


Ground ivy 


Ground nut 


Presence and Abundance? 


Ungrazed | 


Occasional 
Common 
Occasional 
Occasional 
Occasional 
Common 


Occasional 


Occasional 
Occasional 


Occasional 
Occasional 
Occasional 
Common 
Common 
Occasional 
Occasional 
Common 
Occasional 
Occasional 
Occasional 
Occasional 
(Sprouts) 
Common 
Occasional 
Occasional 


Occasional 


Rare 
Common 
Occasional 
Occasional 
Occasional 
Occasional 
Occasional 
Occasional 
Common 
Occasional 
Occasional 


Occasional 
Occasional 


Occasional 
Common 


Occasional 
Occasional 





Occasional 
Rare 
Occasional 
Common 
Common 
Occasional 


Occasional 


| Oceasional 


Grazed 
Occasional 
Common 
Absent 
Common (In 

openings) 
Absent 
Occasional 

(Stunted) 
Absent 


Absent 


| Rare 


(Stunted) 
Occasional 


| Occasional 


Absent 
Absent 
Absent 
Absent 
Absent 
Occasiona 
Absent 
Absent 
Occasional 
Occasional 
(Sprouts) 
Occasional 
(Stunted) 
Absent 
Occasional 
(Stunted) 
Absent 
Absent 
Occasional 
Absent 


Absent 


Occasional 
(Stunted) 
Absent 


Absent 
Absent 
Occasional 


(Stunted) 
Absent 


| Absent 
Absent 


| Absent 
Absent 
Occasional 


Absent 
Occasional 


Occasional 
(Stunted) 

Absent 
Occasional 
Occasional 

| Absent 
| Occasional 
(Stunted) 


Absent 


Absent 
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TABLE 1. (Continued) 





Species! 


Groseularia conspalials. 

( . 

Hepatic hapatica (L.) 
Carst. 

Hicoria cordiformis 
(Wang.) Britt 

Hicoria ovata (Mill.) 
Britt. 


H veracium aurantiacum 


Hydrophyllum virgini- 


anum 


Impatiens biflora Walt. 


Impatiens pallida Nutt. 


Juncoides campestre 
(L.) Ktz. 

Juglans cinerea L. 
Leptamnium virgini- 
anum (L.) Raf. 


Liriodendron tulipifera 
I 


Lysias orbiculata 
(Pursh.) Rydb 


Magnolia accuminata L. 


Malus malus (L. 
Medeola virginiana L. 


Mitchella repens L. 
Mitella diphylla L. 


Nabalus altissimus (L.) 


Hook 


Nyssa sylvatica Marsh. 


Onoclea sensibililis I 


Ostrya virginiana (Mill.) 


Willd. 
Orxalis cymosa Small. 


Panax quinguefolium L. 


Panar trifolium I 


Parthenocissus quinque- 


folia (L.) Planch 
Phlox divaricata L. 


Phryma leptostachya L. 
Phytolacca americana L. 


Poa annua I 
Poa compressa L. 
Poa pratensis L. 


Poa sylvestris Gr. 


Podophyllum peltatum L. 


Polygonat . . biflorum 
(Walt.) 


P ened um commuta- 


tum (R & 8) Dietr 


Potentilla canadensis L 


Prunella vulgaris L. 


Prunus virginiana L. 
Quercus alba L. 
Quercus rubra L. 


Ranunculus recurvatus 


*oir 
Rosa virginiana Mill 
Rubus allegheniensis 
Port. 
Rubus occidentalis L. 
Rumer acetosella L. 


Rumer crispus L. 
Sambucus canadensis 


Sambucus racemosa L. 
Sassafras sassafras (1...) 


Karst 
Smilax herbacea L 
Solidago caesia L. 


Solidago ulmifolia 
Muh 


Syndesmon thalictroides 


(L.) Hoffmg 
Tiarella cordifolia L. 
Tilia americana L. 


Torara virginiana (L.) 


Ra 


) Britt. 


Prickly 
gooseberry 
Round-lobed 
liver-leaf 
Bitternut 
hickory 

Shagbark 
hickory 

Orange hawk 
weed 

Virginia water- 
leaf 

Spotted touch- 
me-not 

Pale touch-me- 
not 

Common wood- 
rush 
Butternut 
Beech drops 


Tulip tree 


Large round 
leaf orchid 
Cucumber 
magnolia 
Common apple 
ndian cucum- 
ber-root 
Patridge berry 


Two-leaf 
bishop's cap 
Tall rattlesnake 

root 
Tupelo 
Sensitive fern 
Hop-hornbeam 


Tall yellow wood 
sorre 

Common ginseng 
Dwarf ginseng 
Virginia creeper 


Wild blue phlox 
Lopseed 

Pokeweed 

Annual meadow 
grass 

Flat stemmed 
blue grass 
Kentucky blue- 
grass 

Sylvan spear- 
grass 

May apple 
Hairy solomons 

seal 


Smaeth sclomons 


seal 
Common 
finger 
Common self- 
heal 
Black cherry 
White oak 
Red oak 
Hooked crow- 
foot 
Virginia rose 
High blackberry 


5- 


Black raspberry 
Sheep sorrel 


Curled dock 

Common elder- 
berry 

Red elderberry 

Sassafras 


Carrion flower 
Wreath 
goldenrod 
E-lmleaf golden- 
roc 

Rue anemone 


False miterwort 
American linden 
Virginia 

knotweed 


Presence 


Ungrazec 


Common 


Occasional 
Occasional 
Occasional 
Occasional 


Occasional 


Common 


Occasional 


Occasional 


and Abundance? 


i Grazed 
Oce asional j 
Occasional 
Absent 
Occasional 
Absent 
Absent 
Absent 
Absent 


Occasional 


Occasional | Common 
Common Common 
Occasional | Occasional 
} 
Rare Rare 
(Planted) 
Oceasional | Absent 
| Oceasional | Absent 
Absent } Rare 
| , |} (Stunted) 
Occasional | Occasional 
A | (Stunted) 
Occasional | Absent 
| Oceasional | Occasional 
Occasional | Occasional 
Common Absent 
Occasional | Occasional 
Occasional | Common (In 
; openings) 
Occasional | Absent 
Occasional | Absent 
Occasional | Absent 
| Common Absent 
| Common Abee nt 
| Oceasional | Occasional 
| Occasional | Occasional 
Occasional | Common (In 
openings) 
Common Common 
Occasional | Absent 
Occasional | Common 
Occasional | Absent 
Common | | Absent 
Oceasional | C ommon (In 


Occasional 


Occasional 
Oceasional 
Occasional 


Common 


Occasional | 
Occasional 


Oce asioné 


| Oceasion 


Occasion 
Occasion 


Common 


Occasion 


Occasion 
Occasion 


Occasion 


Common 


Occasion 
Occasion 


Occasional 


ope nings) 
} | Occasional 


| Oc casional 
| Occasional 
| Oecasicnal 
| Absent 





Absent 

| Occasional 
(Stunted) 

Absent 

Common (In 
openings) 

Occasional 


al 


al 


al 


al | Absent 
Absent 
al | Absent 


al | Occasional 
al | Absent 
al | Absent 


Occasional 
al | Absent 
al | Occasional 
Absent 


Presence and Abundance? 


Species! 


}U ngrased Grazed 
Toricode don radia ans Poison ivy T= asion: al Absent 
(L. 
T “wart sagittatum Arrow-leaf Occasional | Absent 
(L.) Small. tear-thumb 
Trillium grandiflorum Large-flowered Common Occasional 


(Mx.) Salisb. 
Ulmus americana L. 
Ulmus fulva Mx. 


Unifolium canadense 


trillium 

White elm 
Slippery elm 
False lily-of-the- 


(Stunted) 
Occastonal 
Occasional 
Rare 





Common 


(Desf.) Greene valley (Stunted) 
U “<7 7. divaricatum Wood nettle Occasional | Absent 
(L. 
U wet Be perfoliata L. Perfoliate Occasional | Absent 
bellwort 
Vagnera racemosa (L. Panicled false Common Absent 
or solomons seal 
Vagnera stellata (L. Stellate false Occasional | Absent 
or. solomons seal 
Viola canadensis L. Canada violet Occasional | Absent 
Viola eriocarpa Schw. Smooth yellow Common Occasional 
violet (Stunted) 


Viola hastata Mx. Halberd-leaf 


yellow violet 


Occasional | Common 











Viola hirsutula Brain. Southern wood Occasional | Common 
Viola papilionacea Ga blue Occasional | Absent 
-ursh. violet 
Viola pubescens Ait. Hairy yellow Occasional | Absent 
Viola triloba Schw. Three lobed Occasional | Occasional 
Vitis cordifolia N Mx. sean —_ Occasional | Absent 
TOTAL Occurring ( Sommonly.... ee 25 13 
TOTAL Occurring Occasionally... .. 95 45 
TOTAL Occurring Rarely....... 4 3 
TOTAL Species Present. . 424 7 61 
Species not Occurring in Grazed Woods 67 
Species not Occurring in Ungrazed Woods 1 


‘Scientific names are based on ““The revised Catalog of Ohio Vascular 
Plants,”’ John H. Schafner, Ohio Biol. Surv. Bull. 25, January 9, 1932. 

2Common—Species which are found a throughout the 
woods or are locally abundant on suitable sites. Usually represented 
by a hundred or more plants. 

Occasional—Species which are represented by ten to one hundred 
plants. 

Rare—Species represented by but one to ten plants. 


were probably missed because of their appearance 
at seasons when the areas were not visited, and 
several and grasses have been omitted be- 
accurate determinations are not available. The 
list shows that following 10 years of freedom from 
grazing, the ungrazed woodland has more than twice 
as many woodland plants as the grazed one. The 
greatest difference between these two areas, however, 
is that the plants in the ungrazed tract are more 
numerous and — and are annually increasing, 
whereas in the other area they are sparse and stunted. 


sedges 
cause 


ACCUMULATION OF LEAF LITTER 


Open fields border both areas on the west. It is 
from this direction that the prevailing winds blow. 
Strong southwest winds in summer and strong north- 
west winds in winter blow the fallen leaves to the 
central and eastern part of the woodlands where 
they accumulate. In 1932 both tracts prae- 
tically barren of leaf litter for a distance of approxi- 
mately 50 yards along their western margin. Leaf 
litter was unevenly distributed throughout the re- 
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maining area. In draws and depressions and on the 
lee side of knolls it had accumulated 3 to 6 inches 
deep, while on knolls or slightly elevated areas it 
searcely covered the ground. 

As with natural reproduction of woody and herba 
ceous plants, protection did not bring an immediate 
change in leaf-litter accumulation. No noticeable 
change in its distribution took place until tree seed- 
lings became abundant. 

The leaf-fall of 1937 was the first to be partially 
retained in the western part of the ungrazed area. 
Even seedlings 4 to 6 inches in height were effeetive 
in retarding the movement of leaves by w-nd. In 
the spring of 1938, after the leaves were compacted 
by the winter rain and snow, depth of litter was 
measured in the milaere plots. Measurements were 
repeated in midsummer of 1942 after the litter of 
the previous season had partly disintegrated. In 
the ungrazed area the 1938 readings in undecomposed 
litter ranged from ‘'4-inch in the western part to 
2, inches in the eastern part. Litter depth in the 
central part averaged 2% inches and was due to the 
accumulation of wind-blown leaves from many pre- 
vious seasons. By 1942 the depth of partially deeom- 
posed litter had materially increased in the western 
part and averaged 1-inch in depth, where previously 
little had accumulated. Litter depth again increased 
progressively toward the eastern margin, where it 
averaged 134 inches with an increase in the central 
part to 234 inches. The outstanding feature of litter 
depth at the later reading was its relatively uniform 
distribution throughout the woodland. 

In the grazed tract no observable change has oe- 
eurred in litter distribution. The western fourth of 
the area was practically devoid of litter in 1938 and 
again in 1942 was too sparse for measurement. The 
central and eastern part had litter accumulated to 
an average depth in 1938 of 14% inches. In the same 
area partially decomposed litter measured only ap- 
proximately 1l-inch deep in 1942. 


POPULATIONS OF BREEDING BIRDS 


Breeding bird censuses have been conducted in 
both traets annually, starting with the 1938 season. 
The technique employed was a modification of the 
singing-male-count method reviewed by Lack (1937). 
This consisted of recording territories of singing 
male birds on three consecutive mornings between 
5 and 9, during the Memorial Day holiday period. 
Each year this. period corresponded with about the 
midpoint of bird breeding activity. These observa- 
tions were supplemented by records kept during the 
day while other data were being obtained and by 
subsequent visits during the Fourth of July holiday. 
Records of birds observed during late March and 
during intermittent visits at other seasons of the year 
were also kept. 

Frequently, nesting records were confirmed by 
finding nests or by observing either parent earrying 
food to young. This was particularly true of ground- 
and shrub-nesting species. 
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The bird-census data are summarized in Table 2. 
It is apparent from these that breeding birds are 
four times as abundant in the ungrazed as in the 
grazed area. The abundance of low-growing, woody, 
and herbaceous plants and good distribution of leaf 
litter in the proteeted woods accounts for this differ: 
ence. Forty percent of the species and 60 percent 
of the pairs of birds found in the ungrazed area are 
distinetly ground and/or shrub-nesting species. By 
contrast, only 27 percent of the species and 27 per- 
cent of the pairs in the grazed area are ground and 
/or shrub-nesters. These include yellow-billed cuckoo, 
ovenbird, redstart, towhee, bobwhite, indigo bunting, 
song sparrow, vesper sparrow, and field sparrow. 
Two other species, the yellow-throated vireo and red- 
eyed vireo, have nested in the more vigorous seed- 
lings and a third, the eowbird, frequently lays its 
eggs in nests of ground- or shrub-nesting birds. Four 
species, crested flycatcher, chicadee, tufted titmouse, 
and white-breasted nuthatch, are hole nesters; phoebes 
utilized the sugar house; and the others nested in 
the branches of the large trees. 

The number of pairs and species present has 
varied from year to year. Since an unexplained low 
of 126 pairs of birds to the hundred acres in the 
protected tract in 1939, there has been a substantial 
gain in this area each year. Slight gains also have 
been recorded in the grazed area. The gain recorded 
may be due in part to increased skill in recording 
singing males. The material increase in the ungrazed 
area, however, is believed to be due to an increasingly 
varied habitat provided by seedling trees, shrubs, 
and herbaceous plants. 


POPULATIONS OF MAMMALS 


An apparent increase in abundance of mammals 
paralleled the development of new woody growth and 
better distribution of leaf litter in the ungrazed 
woods. In 1941, the beginning of an upswing in the 
mouse eyele, pine mouse, and short-tailed shrew run- 
ways were abundant under leaf litter throughout this 
area. Runways oceurred much less frequently in 
the grazed traet where the absence of litter and of 
food appeared to be the limiting factors. To deter- 
mine the relative populations of small mamma's in 
the areas, two 1/10-acre quadrats were trapped out 
in each tract during the week of December 20, 1941. 
The trapping method followed was patterned after 
the system used by Boles (1939) and his eoworkers. 

One area in the eastern part and one in the western 
part of each tract was selected for trapping. A line 
was made through the middle of each traet from 
north to south. Diagonal lines were run across the 
resulting blocks and the point where they met was 
selected as the center of each quadrat. The quadrats 
were laid out one chain square and marked with wire 
stakes. Sixty-four ordinary snap-back mouse traps 
were allotted for each quadrat, and an additional 20 
traps were used to provide a buffer around them one 
rod from the perimeter. The traps were baited with 
dried seedless raisins and set in frequently used run- 
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Population of breeding birds— 
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1938-1942. 





Ungrazed Woodland 


Species Nesting and Feeding 


in Woodland 1938 1939 | 1940 1941 


Yellow illed cuckoo (Coccyzus 
americanus americanus L. 1 
Ruby-throated hummingbird (Archi- 
lochus colubris L. 
Downy woodpecker ( Dryobate 8 
pube. scens medianus Swainson) . 
Crested flycatcher (Myiarchus 
crinitus boreus Bangs). . . ac 1 
Phoebe (Sayornis phoebe Latham). 
Wood Pewee (Myiochanes virens L.). 1 1 1 1 
Black-capped chicadee (Penthestes 
atricapillus atricapillus L.)...... 1 
Tufted titmouse (Baeolophus 
bicolor L. Es Ree eee 1 
White-breasted nuthatch (Sitta 
carolinensis carolinensis Latham).. . 
Eastern robin (Turdus ewsemain 
migratorius L.) 
Yellow-throated vireo ( Vireo 
flavifrons Vieillot). ; : 
Red-eyed vireo (Vireo olivaceus L.).. 2 1 
Cerulean warbler (Dendroica 
cerulea Wilson) 1 
Ovenbird (Seiurus aurocapillus L. jf... 2 
Am. Redstart (Setophaga ruticilla L.).| 1 
E. cowbird (Molothrus ater ater 
Boddaert 
Indigo bunting (Passerina cyanea L. 
Red-eyed towhee (Pipilo oval 
thalmus erythrophthalmus L. 


Species Nesting in Woods, but Feeding 

all or partially outside of the woods: 

E. Bobwhite (Colinus virginianus 
virginianus L.) .. ke 

E. crow (Corvus brachyrhync hos 
brachyrhynchos Brehm) . 

Scarlet tanager (Piranga erythromelas 
Vieillot) see 

Indigo bunting | (Passerina cyanea L.) 2 

E. vesper sparrow (Pooecetes grami- 
neus gramineus Gmelin) 

E. field sparrow (Spizella pusilla 
pusilla Wilson 1 1 

M. song sparrow (Melospiza melodia 
beatal Bangs). . een a ti a ene < 


12 7 7 12 


~ 
tN: 
bo 


Total species 


15.5 


Total pairs... 








Total pairs per 100 acres....../197 {126 |152 (216 


ways and all likely looking places such as the base 
of stumps. The traps were set an average of 8 feet 
apart each way, but no special effort was made to 
keep the distance uniform. Where small mammal 
signs warranted it, several traps were set close to- 
gether, while in barren places traps were set farther 
apart. All traps were covered with 1-foot square 
heavy tar paper Traps in each plot were 
visited early in the morning after each of three con- 
secutive nights of trapping. 

The number and size of samples taken was neces- 
sarily small. The results indicate, nevertheless, that 
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Grazed Woodland 
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75.5) 15.1 


21 


265 |948.5)189.7 








56 | 63 


little quantitative difference existed between small 
mammal populations in the eastern part of the un- 
grazed and the grazed woodlands where leaf litter 
was of similar depth. Actually, in these plots the 
grazed area had a slightly higher population. Where 
leaf litter was sparse, as in the western part of the 
grazed tract, a marked quantitative difference oc- 
curred. In these plots small mammals were found 
to be three and one-third times more abundant in 
the ungrazed than in the grazed tract. The small 
number of shrews and absence of pine mice in the 
grazed traet accounts for this difference (Table 3). 
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TABLE 3. Small mammals collected in 0.1 acre quad- 
rats, sugar maple woodland, grazed and ungrazed, 





Plots in Plots in 
Western Eastern 


part part 

a oe Total 
Num-| Per |Num-); Per | Total | per 
ber | acre | ber | acre jcaught) acre 





9 45 


Short-tailed shrew | Ungrazed| 6 60 3 30 
(Blarina brevicauda y na 
kirtlandi Bole and | Grazed 1 10 4 40 5 25 
Moulthrop) aan ee 
White-footed Ungrazed| 1 | 10 | 1 | 10 2 | 10 
mouse (Peromyscus ; 
leucopus novebora- | Grazed 2 20 2 20 4 20 
censis Fischer) 
Pine mouse Ungrazed| 3 30 1 10 4 20 
(Pitymys pine- 
torum scalopsoides | Grazed 0 0 0 0 0 0 
Aud. and Bach.) | erke 
earv Ungrazed| 10 |100 5 50 15 75 
Total. | | : 
: Grazed 3 | 30 6 60 9 45 


No pine mice were taken in either of the two plots 
in the grazed woodland. Their low population, or 
absence, is believed due to lack of litter suitable for 
feeding runways and to lack of new woody and 
herbaceous plants necessary for food. All of the 
shrews found in the grazed tract were taken in run- 
ways in the loose litter at the base of rotting tree 
stumps. Many more stumps occur in this area than 
in the other on account of recent cutting operations 
and because the owner of the ungrazed woodland 
utilizes his stumps for fuel. The greater number of 
stumps in the grazed tract probably also accounts 
for the somewhat higher population of white-footed 
mice recorded there. 

In addition to the three species taken in the quad- 
rats, at least 11 other small mammals have been re- 
corded in this study. Opossums are known to be 
present in both woodlands from tracks found in the 
snow. Oeceasionally one is found at the base of a 
hollow tree by dogs or when trees are felled for fuel. 
Hairy-tailed moles have numerous runways in the 
ungrazed and oceasional runways in the grazed areas. 
Raccoons are known to forage in both tracts but 
probably do not den in either area. The common 
skunk is a permanent resident of both areas. It 
utilizes woodehuck dens, and dens annually under 
the sugar house woodshed in the ungrazed tract. A 
red fox was observed in the ungrazed woodland 
December 24, 1941. Tracks in the snow indicate 
that it has an established hunting route through this 
area. No .fox tracks have been observed in the 
grazed area. 

Woodchucks are very abundant in the grazed area. 
They seem to be favored by the sunlit openings and 
large decadent stumps under which they dig their 
burrows. Six occupied sets of burrows were re- 
corded in the summer of 1942 in this woodland. All 
of them were in well-drained, sunny locations within 
75 yards of the woodland boundary. Three sets of 
burrows were found in the ungrazed tract. Of these, 
one was under the sugar house, another under a fuel 
wood pile, and the third in a sunlit opening in the 
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eastern part of the woodland made by a recent wind- 
fallen tree. The more dense shade, higher humidity, 
and greater pereent of heavy soil of the ungrazed 
tract does not appear to be as favorable to the wood- 
chuck as conditions in the other woodland. 

Eastern chipmunks appear to be more abundant 
in the ungrazed tract. This observation, however, 
may be due to the fact that they ean be more closely 
approached and thus heard more readily there, and 
to the fact that there are two stone piles in this 
tract which appear to be favored habitats. Red 
squirrels have occasionally been noted in both wood- 
lands. Fox squirrels are present but not abundant 
in either area. The absence of suitable large den 
trees and nut-producing trees is the factor limiting 
their abundance. The importance of food was illus- 
trated by the appearance of 5 leaf nests of this 
squirrel in the ungrazed woods after the pasture field 
to the north was plowed and planted to corn. Appar- 
ently their occupants moved in from the adjacent 
woodlands and remained as long as the food supp!y 
was available. 

Flying squirrels are present in both tracts. No 
observations have been made as to their relative 
abundance. Their presence is known by the invari- 
able experience of finding one or more drowned in a 
sap bucket each spring. Presumably, they fall into 
the bucket while trying either to obtain a drink or 
to catch the male spring canker worm moths ( Palea- 
cerita vernata Peck), which frequent the sap buckets 
near the close of the sugaring season. 

Cottontail rabbits have increased materially in the 
ungrazed woodland. In the spring of 1942, after 
four had been shot during the preceding winter, their 
number was est:mated to be about one to the aere. 
During the winter months they girdled hundreds of 
young trees that were under one inch in diameter. 
In several dense colonies of young maples approxi- 
mately 85 percent of the young trees were injured 
to some extent. This has probably been beneficial 
by thinning these dense stands thus reducing erowd- 
ing. Unfortunately, however, the larger saplings 
are also often injured. Cottontails are seldom ob- 
served in the grazed woodland and when jumped 
there they immediately seek the cover of the un- 
grazed area. 

Possibly other small mammals appear oceasionally 
in these two tracts but have escaped notice because of 
their infrequeney or secretive habits. An accurate 
census of the 14 species known to oceur was not 
made, but it is believed that the estimate given in 
Table 4 is a fair minimum approximation of the 
numbers present in May 1942. 


POPULATIONS OF INVERTEBRATES 


To determine the relative abundance of litter- 
inhabiting invertebrates, 10 individual square-foot 
leaf-litter samples were taken in each area Decem- 
ber 24, 1941. All of the litter and the humus layer - 
enclosed within a square-foot metal frame was c¢ol- 
lected and placed in an individual close-knit cloth 
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TABLE 4. Estimated relative abundance of mammals.* 





Grazed 
Woodland 


Ungrazed 
Woodland 


Num- 
ber 
per 

acre 


Num- 
ber 
per 


Num- 
ber 


Num- 
ber 


Opossum (Didelphis virginiana 
virginiana Kerr) 

Hairy-tailed mole (Parascalops 
breweri Bach.) 

Short-tailed shrew (Blarina brevicauda 
kirtlandi Bole and Moulthrop) 


0.33 
0.50 
25.00 


Raccoon (Procyon lotor lotor L.) 
Skunk (Mephitis mephitis nigra Peale 
and Beauvois) 4 4 
Red Fox (Vulpes fulva fulva 
Desmarest) 
Woodchuck (Marmota monazr 
rufescens Howell) j 7 12 
Chipmunk (Tamias striatus rufescens 
Bole and Moulthrop) 8 
Red Squirrel (Sciurus hudsonicus 
loquax Bangs) 2% 4 
Fox squirrel (Sciurus niger rufiventer 
Geoff.) 
Flying squirrel (Glaucomys volans 
volans L.) 5 yf NS 
White-footed mouse (Peromyscous 
leucopus noveboracensis Fischer). . 
Pine mouse (Pitymys pinetorum 
scalopsoides Aud. and Bach.) . 
Cotton-tail rabbit (Sylvilagus 
floridanus mearnsi Allen) 


visi tor tor 
0.33 
visi tor no re|cord 
1.00 
0.75 
0.33 
4 0.33 
0.75 
10.00 


248 (20.00 


20.00 | no rejcord 


visi| tor 


re 608 (49.00 





*Bole 1942. 

bag. The material collected was stored at room tem- 
perature for 24 hours. Each sample was then run 
1rough a Berlese funnel to which was added two 
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drops of chloropierin to activate the invertebrates 
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and cause them to fall through a sereen into a reeep- 
tacle. The material foreed out of the litter by this 
procedure was then carefully worked over under a 
strong light and all organisms large enough to be 
detected with the naked eye were collected and saved 
for identification. As a further check, the litter was 
also examined after removal from the Berlese fun- 
nel. A tabulation of the material collected is pre- 
sented in Figure 9. 

The number of invertebrates found in the ungrazed 
tract, 2,234,000 per acre was more than two and one- 
half times the number, 810,000 per aere, found in 
the grazed area. More than 60 percent of these 
organisms (Diplopoda, Chilopoda, Nematoda, Cole- 
optera, Diptera, Collembola, Corrodentia, and An- 
nelida) are commonly found associated with deeom- 
posing plant material upon which some of them may 
feed. The other invertebrates present, including 
some of the Coleoptera and Diptera, were the over- 
wintering stages of phytophygous or predaceous 
species. 

At least three factors are believed to be primary 
underlying causes of the marked difference in popu- 
lations. The most obvious fact is that there is less 
leaf litter in the grazed traet. There also is less 
green leaf surface of low-growing plants on which 
invertebrates feed in the summer before hibernating 
beneath the dead leaves. Another important factor 
is the relative stability of the litter. In the grazed 
tract the litter is constantly being shifted by variation 
in the velocity and souree of the wind. Under these 
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conditions the litter and the soil under it become too 
dry for suitable hibernating quarters for most in- 
vertebrates. Further, many organisms which do 
hibernate are later exposed to their enemies and the 
elements by movement of the litter. 

The relative abundance of invertebrates found in 
litter in various parts of the two woodlands is illus- 
trated by the data shown in Figure 9. The samples 
were numbered progressively from 1 to 10 as they 
were taken at random along a diagonal route from 
the northwest to the southeast corners of each tract. 
Thus, the first sample in each area is representative 
of the most severely grazed portions and the last 
sample is representative of the least severely grazed 
condition. The first two samples in the ungrazed traet 
are of leaf litter accumulated since elimination of 
grazing. The third and fou-+h are from an area of 
litter accumulation in a sligh. depression. The next 
three are from a wind exposed knoll, and the last 
three are from the part of the woodland least dis- 
turbed by grazing prior to removal of the livestock. 
Invertebrate populations change directly with the 
changes in litter depth. This is even more clearly 
illustrated in the grazed woodland material. The first 
5 samples from this area were taken in the wind- 
swept western part. The next two are from the zone 
of litter accumulation and the last three from the 
zone where litter has been disturbed the least by 


grazing. 


PHYSICAL AND ECONOMIC FACTORS 


The data presented thus far are evidence that pro- 
tection from grazing had made possible a material 
increase in the abundance of plants and animals in 
the ungrazed woodland. They do not seem adequate, 
however, to explain the fact that the ungrazed traet, 
under nearly identical management, except for graz- 
ing, has yielded approximately one-fourth more maple 
syrup a year than the grazed tract. ; 

In an effort to find some tangible factor to which 
this difference could be attributed, a number of meas- 
urements were made of soil characteristics. The first 
measurements were of soil moisture present at one 
and two foot depths. One set of samples was ob- 
tained December 26, 1941, and another March 9, 
1942, during the syrup-making season. Approxi- 
mately 150 to 200 grams of soil were collected for 
each sample and placed in small metal soil cans. 
The cans were sealed with cellulose tape. Percent of 
moisture was determined in the laboratory as that 
part of the weight of the sample lost by drying in 
an oven at 100 degrees C. for 24 hours. 

The December studies included 6 samples from 
each depth in both woodlands. In March 4 sets of 
samples were taken in the ungrazed area and 6 sets 
in the grazed area. Samples were taken at random 
along a northwest to southeast route in both areas. 

The data show that only a slight difference in 
moisture content occurs between the two areas (Table 
9). They also show that no substantial change in 
moisture content occurred during the winter months. 
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The percent of moisture recorded is probably lower 
than the mean for the soil types because of a rainfall 
deficiency during the preceding 12 months. 


TABLE 5. Moisture content of soil in grazed and un- 
grazed woodland. 





Ungrazed Tract Grazed Tract 


| December March December March 
| 1941 1942 | 1941 1942 


Average percentage 
of moisture one 
foot deep......... 17.5 17.0 17.1 16.7 

Average percentage 
of moisture two 
feet deep..........] 15.3 15.5 15.1 14.4 





Core samples at the surface and at 6-inch depths 
were taken in March, 1942, at the same time and 
place as the soil moisture samples. Brass cylinders 
3 inches long and 11% inches in diameter were used 
to obtain the cores. They were forced into the 
ground by steady pressure on a driving head and 
lifted out carefully with a shovel. The soil which 
protruded from the lower end, was pared off with a 
knife and the ends sealed with a metal disk and 
wrapped with cellulose tape. Samples were not ob- 
tained in the extreme western part of the grazed 
tract because the ground there was frozen hard. No 
frost was present in the eastern part of this tract 
nor in any part of the ungrazed woodland. The 
ground in the latter area was so thoroughly under- 
mined with small mammal runways that numerous 
trials were necessary to obtain unbroken soil ¢ol- 
umns. This may have resulted in selection of 
samples which were heavier than average. Air tem- 
peratures at this time ranged between 34° and 40° F. 

A practical procedure for soil analysis developed 
by R. W. Gerdel was used. The soil-filled eylinders 
were soaked overnight in distilled water, weighed 
after draining off excess water, and then placed right 
side up on a moist blotter over a screen in a com- 
partment designed to maintain high humidity. To 
determine percolation rate, a 2-inch high, water-tight, 
rubber collar was placed on the upper end of each 
core and a point indicator fastened to the collar. 
Distilled water was then added to the level of the 
point indieator, the time to the nearest one second 
noted, and, after the water had gone down a meas- 
urable distance, the collar was refilled to the point 
indicator from a burette and the time noted again. 
In this manner it was possible to obtain the rate in 
ee. per second of percolation through saturated soil 
under relatively constant humidity and pressure. 

After percolation rates were determined the soil 
was allowed to air-dry until a reading of pF 1.78 
was obtained by use of a potentiometer. The weight 
of the soil at this reading was considered weight 
at the approximate wilting coefficient. The oven-dry 
weight of the eylinder and soil, and the tare weight 
and volume of the empty cylinders, were then deter- 
mined. These calculations were made to determine 
volume weight, capillary and non-capillary porosity 
and total porosity of the soil (Table 6). 
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The volume weight of soil at the surface and at 
the 6-inch depths was slightly higher in the ungrazed 
tract which indicates a somewhat heavier, more im- 
pervious condition. Surface percolation or infiltra- 
tion rate, however, was noticeably greater than in 
the grazed area. Percolation below the 6-inch depth 
is very slow in both tracts, but slightly 
higher in the grazed tract. Non-eapillary or air 
capacity of surface samples was distinetly higher in 
the ungrazed area, but samples at the 6-inch depth. 
are much lower than those in the grazed tract at the 
same depth. In both tracts, non-capillary capacity 
below the 6-inch depth is too low for satisfactory 
plant development. 

According to Chadwick (1941) “a _ well-aerated 
contain 10 pereent of large pores 
on the basis of the total soil volume” for satisfactory 
hardwood root development. “If there are less than 
10 percent, growth is not normal.” On this 
basis conditions are unfavorable for best root growth 

both tracts. 
ever, 


averages 


soil should over 


root 


The soil in the ungrazed area, how- 
with the average of 8.9 percent of air space 
in the upper 6 inches, is decidedly more favorable 
for root growth than that in the grazed area, where 
only 6.9 pereent of the total volume is represented 
by air In view of the past history of the 
ungrazed tract and the fact that it has a relatively 
higher proportion of heavy soil, it is very probable 
that the air increased since grazing was 
eliminated. air capacity and percolation 
rate are probably the result of leaf litter accumula- 
tion and its incorporation into the soil by the process 
of decay and the activity of soil inhabiting mammals 
and invertebrates. 

There is little difference in the capillary 
porosity of soils in the two traets. This is also true 
for the total water-holding capacity of the soil, which 
amounts to approximately 50 percent by volume in 
the surface soil and 40 percent by volume in the 
subsoil (Table 6). 
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TABLE 6. Soil factors. 





Ungrazed Tract Grazed Tract 


| Surface 
cores 


6 in. 
cores 


Surface 6 in 


cores 








Average percolation rate 
cubic inches per hour. . 
Average volume weight of 

soil—gms. per cc a a | .07 
Average percent by volume— 

non-capillary porosity . 8 3. | 6.86 5.08 
Average percent by volume— | | 

capillary porosity .65 | 37. 3.65 36.33 
Average percent total porosity | } 

or water holding capacity 


0.08 | .59 0.11 


1.46 


41.87 





These data while not adequate to account for the 
difference in syrup production between the two tracts, 
do show physical differences in the soil that affeet 
plant growth. Of possibly greater importance is the 
fact that freezing of the soil is much less severe and 
retention of snow is much greater in the ungrazed 
than in the grazed tract. In late February of 1940, 


for example, following an extended “cold snap” 
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(minimum temperature of 16° F. below zero) the 
ungrazed area had a rather uniform mantle of snow 
8 to 12 inches deep whereas the western margin of 
the grazed area was swept nearly bare of snow for 
a distance of 50 to 75 yards. The ground was not 
frozen in the ungrazed woods at this time, but in 
the grazed area it was frozen to a mean depth of 
4.5 inches along the exposed western part. The 
operator of the maple syrup camp in the grazed traet 
has noted that trees in this part of his woodland are 
not so productive as trees of comparable size in the 
eastern part where conditions are more typical of 
protected forests. The owner of the ungrazed tract, 
on the other hand, has reported a notable increase 
in flow of maple sap in the western part of his 
woodland. 


DISCUSSION 


The data obtained in this study confirm the gen- 
eral observation of many conservationists that wood- 
land protected from injury by grazing has a much 
richer flora and fauna than grazed woodland 
of similar composition. Of even more importanee, 
the study shows that a severely grazed woodland ean 
become rejuvenated within a reasonably short time 
after protection is provided. Rejuvenation in this 
case was made possible by a rapidly changing inter- 
related series of biologie events. The most important 
of these is the influence of man in removing the live- 
stock which brought about decline of the woodland. 


does 


An abundant seed crop and weather favorable for 
seed germination within a few years was the next 
major event in the rejuvenation process. The devel- 
oping seedlings provided conditions suitable for the 
events which followed. Their retarding influence on 
drying winds and the improvement in leaf litter dis- 
tribution made it possible for other kinds of plants 
to grow. 

Concurrent with improvement of the plant and litter 
cover, animal populations became larger and more 
varied. The birds that utilized the leaf litter and 
seedling trees as nesting cover probably fed on the 
insects which fed on the young trees and also prob- 
ably brought seeds of additional plants into the wood- 
land. Small mammals like shrews and pine mice 
found an abundance of food in the plant-feeding in- 
vertebrates and the underground stems of the thou- 
sands of new plants. The runways, burrows, and 
food caches they made have helped to aerate the soil 
and bring many plant seeds in contact with mineral 
soil, which is essential for their development. Rab- 
bits and pine mice reduced density of stands by 
girdling seedlings and saplings where they grew in 
thick clumps, thus making it possible for the unin- 
jured trees to grow more rapidly. 

The invertebrates which inhabited and fed on the 
litter, such as millipedes, and earthworms, probably 
helped to change it to duff and humus. Their bur- 
rows and feeding tunnels probably also improved the 
aeration of the soil. That some plants would develop 


without the inereased activity of these animals is 
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evident from the initial growth of seedling maples 
before there was evidence of increased animal pop- 
ulations. Many heavy-seeded plants, however, like 
the hickories, spice bush, sassafras, ginseng, elder- 
berry, cohash, Solomon’s seal, and Jack-in-the-pulpit, 
could have been transported to the woodland and 
planted in mineral soil only by animals. The vigor 
of many of these plants, too, is dependent upon the 
loosening and aeration of the soil. It is thus evident 
that, although the animals are entirely dependent 
upon the plants, they may to some extent contribute 
to the abundanee, vigor, and variety of plant growth. 


The knowledge that these interrelationships are 
essential to the best growth of a forest is of practical 
value to the farmer who is interested in getting the 
maximum return from his woodland. It also should 
he of considerable importance to the conservationist 
who is trying to improve soil and water conditions 
by encouraging farmers to exclude livestock from 
their woodlots. With these facts in mind, he ean 
point out to the farmer, not only that grazing in- 
jures a woodland but how it injures it and how a 
seriously grazed woodland can be restored by pro- 
tection alone. 


The data presented are from a single pair of wood- 
lots representative of one forest type and one man- 
agement system. It is unlikely that identical results 
would be obtained from elimination of grazing in 
other grazed wooded areas beeause of the great vari- 
ation that exists in forest management and ecological 
conditions. General observations in many farm wood- 
lands in the Ohio Valley, however, lead the writer 
to conclude that the same general pattern of forest 
restoration would occur wherever grazed beech-maple 
woodlands are subsequently protected from further 
grazing. 

The abundanee, variety, and vigor of forest plants 
and animals will invariable be greater in woodland 
from which livestock are excluded than from eom- 
parable grazed areas. Studies previously reported 
by Chandler (1940), (1932), Dambach & Good 
(1940), Den Uyl (1938), Diller (1937), and others 
substantiate this view. Loeal economy and appre- 
‘iation of aesthetic values will determine whether or 
not providing protection from grazing is worth the 
price to the individual. The data obtained in this 
and in a Maryland study (Huffman 1940) and in a 
recent report by Sears (1943) indicate that protee- 
tion from grazing does result in substantially greater 
returns in woodlands operated as sugar maple camps. 
In this study the average yearly gross cash receipts 
from the sale of maple products at comparable prices 
has been $43.94 per acre from the ungrazed tract as 
compared to $33.27 from the grazed tract during the 
five-vear period (1938-1942). This significant dif- 
ference of $10.67 per acre per year means an annual 
loss in potential income of $132.31 to the owner of 
the grazed woodland. Under less intensive manage- 
ment, and with lower value products, however, the 
returns would obviously be proportionately lower. 


SUMMARY 


A study was made of the development of the flora 
and fauna and of the economic returns from a for- 
merly severely grazed sugar maple woodlot in Geaugz 
County, Ohio, during the ten-year period immediately 
following discontinuance of graz:ng. The study in- 
cluded collection of comparative data from an ad- 
jacent grazed woodlot of similar composition and 
under similar management. 

At the time the study was started both areas had 
been so severely grazed that young seedling trees 
were unable to become established and only a rela- 
tively few stunted herbaceous plants could be found. 

Seedling trees first became established in large 
numbers in the ungrazed woodland the third growing 
season subsequent to their protection from grazing. 
Their number increased rapidly and attained an 
average abundance of nearly 80,000 per acre by the 
middle of the eighth growing season. Sugar maple 
comprised between 96 and 99 percent of the stand at 
all times. Eighteen other species of trees including 
tulip poplar, white ash, and red and white oak also 
appeared. Except for an oceasional tulip poplar 
and a number of planted white ash the recent sugar 
maple trees have outgrown all other species. In the 
adjacent grazed woodland no seedling trees have be- 
come established despite the germination there each 
year of thousands of tree seeds. 

The development of herbaceous and shrub species 
has followed a similar pattern. At the end of the 
10-year period, 124 kinds of vaseular plants were 
found in the ungrazed as compared to 61 in the 
grazed tract. The latter are for the most part sparsely 
represented and stunted in growth. In the ungrazed 
tract many of the species are abundant and thrifty 
in appearance. 

A notable improvement in the accumulation and 
distribution of leaf litter has taken place in the 
ungrazed area. Additional leaf litter apparently is 
added by the developing woody and herbaceous plants 
and their numerous upright stems materially reduce 
leaf movement by wind action. This has resulted in 
a rather uniform covering of leaves throughout the 
woodland as contrasted with the appearance of a 
large uncovered area in the western part previous to 
elimination of grazing. In the grazed tract litter 
has not inereased appreciably and leaves from the 
western part of the woodland are blown into the in- 
terior and eastern part. 

Annual censuses of breeding birds for a five-year 
period indicate that they are four times more abun- 
dant in the ungrazed as in the grazed woodland and 
that the ungrazed area is host to twice as many 
species. Forty percent of the species and 60 percent 
of the pairs of breeding birds in the ungrazed area 
are ground or shrub nesting species as contrasted 
with but 27 percent of the species and the same pro- 
portion of pairs (27 percent) in the grazed area. 

Mammal populations show a somewhat similar 
correlation. It was estimated that there were 81 
mammals per acre in the ungrazed as compared to 
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49 per acre in the grazed woodland at the close of 
the study period. All of the 14 species recorded 
occurred in the ungrazed area as contrasted to 12 in 
the grazed area. Ten species were equally or more 
abundant in the ungrazed area. Red squirrels, and 
white-footed mice, opossum and woodchucks were 
somewhat more abundant in the grazed area. Dif- 
ferences in soil and the number of stumps probably 
accounts for the greater abundance of 
woodchucks, and white-footed mice. 
Overwintering invertebrates were found to be two 
and a half times more abundant in leaf litter ¢ol- 
lected at random in the ungrazed as from litter col- 
lected in the grazed tract. Abundance of inverte- 
brates was closely associated with depth and stability 
of litter. The deep and relatively stable litter had 
the greatest numbers whereas shallow, frequently dis- 
turbed litter had small numbers of invertebrates. 


opposum, 


Soil samples collected and tested during the win- 
ter months revealed no significant differences in mois- 
ture content from samples collected at 1- and 2-foot 
depths. The rate of water percolation and the per- 
centage of total volume represented by air space 
were significantly greater, however, in surface cores 
from the ungrazed as compared to those from the 
grazed tract. In addition freezing of the mineral 
soil was not observed in the ungrazed area at a time 
when the soil in the exposed western part of grazed 
area was frozen to an average depth of 4.5 inches. 

The average yearly income from the sale of maple 
products is $10.67 more per acre in the ungrazed 
than in the grazed tract at comparable prices. This 
material difference in productiveness cannot be wholly 
explained by the data obtained in this study. The 
data do show, however, that elimination of graz ng 
has resulted in distinet changes in the flora and fauna 
of the woodland and also of the litter and to some 
extent soil conditions. The sum total of these changes 
together with unrecorded factors may account for the 
favorable economic returns accompanying the dis- 
continuance of grazing. 
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ECOLOGIC RELATIONS AND ADAPTATIONS OF THE 
LIMBLESS LIZARDS OF THE GENUS ANNTIELLA 


INTRODUCTION 


The purpose of this study of the limbless lizards 
of the genus Anniella is to assemble all that is known 
about the ecology and the mode of life of these 
fossorial animals. The area in which special work was 
conducted ineluded the northern end of the range of 
Anniella pulchra pulchra and most of the known 
range of Anniella pulchra nigra. Emphasis has been 
placed on the ecology of A. p. nigra because of the 
greater abundance of individuals of this race. The 
restriction of my activities to the northern part of 
the range of the genus limited observations to two 
climatic regions, the central coastal and northern 
San Joaquin Valley areas of California. 

Twenty examples of A. p. pulchra have been taken 
by me at Antioch, California, and 109 examples of 
A. p. nigra on the Monterey Peninsula; 100 of these 
lizards were kept alive in the laboratory at Berkeley, 
some of them for more than a year. In addition I 
have examined 142 specimens: 23 pulchra and 21 
nigra in the collection of the Museum of Vertebrate 
Zoology, and 50 pulchra, 46 nigra, and 2 A. geroni- 
mensis in the collection of the California Academy 
of Sciences. 

I wish to express my appreciation to Dr. Alden 
H. Miller of the Museum of Vertebrate Zoology 
under whom this research was condueted, and to Dr. 
E. Raymond Hall and Dr. Charles L. Camp for sug- 
gestions and comments on the manuscript. I wish 
to thank also Mr. Joseph Slevin of the California 
Academy of Sciences for the loan of the collection 
of Anniella from that institution, and Mrs. Hilda 
Wood Grinnell, Mr. James C. Martin, Dr. Herbert 
I. Mason, Dr. Horace W. Stunkard and Dr. A. C. 
Walton for other assistance. 


METHODS 


Wherever an Anniella was found, the temperature 
of the sand at the spot was recorded and a sample 
of the soil was placed in a stoppered glass vial. 
These samples were dried in an oven at 100° C. to 
determine the moisture content. Forty selected sam- 
ples were then burned in an electrie muffle at 650° C. 
for approximately one and one-half hours to deter- 
mine the organie content. 

On collection, each live lizard was marked and the 
progress of shedding and growth was recorded. The 
mark was a tattoo which was made by the use of 
a hypodermie needle and Higgins eternal black ink. 
The ink was introduced just under the skin on the 
venter of the lizards; thus a pattern of dark spots 
was made. 

At Point Pinos, Monterey County, A. p. nigra 
occurs naturally on a small island which is eut off 


from the mainland by the tidal zone. The lizards 
cannot migrate from the island to the mainland be- 
cause of the barrier formed by the tidal zone. Be- 
cause this population is isolated and ean in no way 
become mixed with that on the mainland except 
through the agency of man, this island was chosen 
as the site of an experiment on mixture of popula- 
tions. In September, 1940, 10 A. p. pulchra (all 
marked individually) were planted on the island 
which has a known population of 45 A. p. nigra 
(probably only a small proportion of the total pop- 
ulation). It is my hope that herpetologists, who are 
practically the only people who know of the lizards’ 
presence there, will spare the population from fur- 
ther depletion until after twenty or thirty years, 
which I judge to be sufficient time for the two races 
to intermix thoroughly. The A. p. pulchra so planted 
were all taken from Antioch, Contra Costa County. 


The coast line of Point Pinos is being altered by 
the sea. Probably within the next hundred years 
this island will be reduced to a pile of bare granite 
rocks and the sea will end the experiment. 

In the examination of specimens the following 
measurements were taken: 

Snout-vent (SV), tip of snout to posterior limit 
of anterior margin of vent, on ventral surface. 

Tail length (TL), posterior limit of anterior mar- 
g-n of vent to tip of tail. 

Regenerated portion of tail, most anterior sign of 
break to tip of regenerated cone. 

Snout-orbit (SO), posterior extremity of first pre- 
ocular to tip of snout. 

Mouth length (M), posterior side of sixth supra- 
labial to tip of snout. 

Interorbital width (10), dorsal head width meas- 
ured between the first supraoeulars. 


THE TAXONOMIC STATUS OF THE 
GENUS 


The genus Anniella was deseribed in 1852 by Dr. 
J. A. Gray (p. 440) who placed it in the family 
Seinecidae near Soridia in the tribe Siaphosinae. He 
remarked that “this is the only genus of the tribe 
yet found out of Australia.” That the genus Anni- 
ella constitutes a distinct monogeneric family, Anni- 
ellidae (Cope 1864), and is most closely related to 
the Anguidae from which it has degenerated, is a 
view now generally accepted. The degenerative re- 
lationship was first pointed out by Boulenger in 
1884 (pp. 120-121) and was upheld by Baur (1894: 
348) and Camp (1923: 297). Camp states that the 
“Anniellidae are close to Gerrhonotus in structure 
of throat muscles and hemipenes.” Further he re- 


gards (p. 418) the Anniellidae as a branch of the 










































Anguidae and thinks that (p. 333) the two families 
probably separated in the Upper Miocene. 

The genus Anniella includes two species, one of 
which has two subspecies. Anniella pulchra is the 
type species described by Gray in 1852. Anniella 
nigra was described by Fischer in 1885. Intergrades 
connecting these two forms are found at Morro Bay 
and Pismo in San Luis Obispo County, California 
(Grinnell & Camp 1917; Klauber 1940) and at the 
mouth of the Salinas River on the shore of Monterey 
Bay, Monterey County (Miller 1943); thus they are 
reduced to subspecifie rank as Anniella pulchra 
pulchra and Anniella pulchra nigra. 













Fig. 1. Anniella pulchra pulchra (silvery limbless 
lizard), left, and Anniella pulchra nigra (black limb- 
less lizard). Photographed alive, about natural size. 


Anniella geronimensis was deseribed by Shaw 
(1940) from San Geronimo Island, Lower California, 


Mexico. 


LIFE HISTORY 


Foop 


The limbless lizards are predaceous, feeding largely 
on insect larvae, adult beetles, and other small in- 
Van Denburgh (1897: 119; 1922: 
reports A. p. 


sects and spiders. 
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larvae (more than 1'4 inches long), and two small 

ground dwelling beetles (Helops and Platydema).” 

Laboratory animals were fed on larvae of grain 
beetles (Tenebrio molitor) and termites (Zootermop- 
sis sp.). Sickness and death of lizards apparently 
from vitamin D deficiency were overcome by feeding 
the termites on filter paper dampened with vitamin 
concentrate (B: and D). 

Captive lizards were quite agile in pursuing the 
termites, but they rarely came out of the sand far- 
ther than half the body length. After catching the 
prey, the lizard would back down the burrow and 
sometimes devour the termite under the surface. In 
swallowing, the lizard chews and gulps, sometimes 
pushing the termite against the sand to get a better 


grip. In this way much sand is swallowed with the 
food. The head sways from side to side while chew- 
ing. Termites were swallowed quickly but a large 


beetle larva sometimes required several minutes to 
be eaten. After swallowing, the lizard “licks its 
chops” for several seconds. 

The feces of Anniella are typically lacertilian with 
a small, hard, white chalk-like oval mass and a loose 
unevenly shaped mass of moist undigested insect 
parts. Occasionally when a lizard is handled, live 
nematodes and cestode proglottids are extruded with 
the feces, as several drops of clear watery 
liquid. 


are 


OVULATION 


The breeding cycle discussed here applies to A. p. 
nigra unless otherwise specified. Ovulation occurs in 
May, June or July. The earliest record of an ovum 
in the oviduct was on May 21. Two lizards in the 
laboratory had ovulated by June 9, and two by 
June 26. 

Fourteen ova (both fertile and infertile) taken 
from oviduets of preserved lizards averaged 23.6 mm. 
(16.2 to 30.3 mm.) in length and 4.9 mm. (3.3 to 
6.7 mm.) in width. The number of ova present in 
the oviduct at one time was found in eight lizards 
to vary from one to four (averaging 1.7). 

Anomalies in ovulation or failure to abort unfer- 
tilized ova account for the presence of hard dried 
volk in the oviduet of one individual in March and 
in one A. p. pulchra in September. 


DEVELOPMENT 


If insemination oceurs before ovulation, the ova 
will be fertilized in the order of their entry into the 
oviduet, thus two embryos taken from the same fe- 
male will be in slightly different stages of develop- 
ment. If copulation after ovulation, the 
embryos will all be in the same stage of development. 
Both conditions were found in females killed on 
August 6, 1939. In one female the embryos were 
22.9 and 28.3 mm. SV, while in another they were 
23.0 and 23.6 mm. SV (Table 1). 

The smallest embryos examined were taken from a 
female which had been killed on July 17. These two 
embryos were tightly coiled and it was impossible 
to straighten them without breaking the brittle tis- 
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TABLE 1. 
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Measurements of sample embryonic, immature and adult A. p. nigra, showing the changes in body 


proportions throughout life; x indicates a broken tail; * indicates an approximate date. 





Date killed | Sex | SV | Total | Tail 
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August 
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August 
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sues. They were, in the coiled position, 4.5 by 3.8 
mm. At this early stage the eye was black and the 
snout was short. 

An embryo with a snout-vent length of 12.0 mm. 
had a tail length of 6.0 mm. The eyes were black 
and the pupil white. The snout was short and the 
cranial bulge high. The supraoccipital bones ap- 
peared as two round white dots. The vent region 
was swollen, as the copulatory anlagen were just be- 
ginning to protrude from the cloaca (Coe & Kunkel 
1906: 372, 383). The embryo was beginning to 
elongate, only the posterior half of the body being 
tightly coiled. The two embryos in this stage were 
killed on July 3, 1931. 

The embryo of 23 mm. snout-vent length had a tail 
8 mm. long. The body was folded once and the tail 
was coiled. The pineal organ as well as the eye 
were pigmented. The heart appeared to be pigmented 
also (perhaps from coagulated blood). The copula- 
tory anlagen were fully protruded from the corners 
of the vent. They remain in this position until 
shortly before birth, when they are withdrawn into 
the cloaca (Coe & Kunkel 1906: 372, 383). The 
snout had elongated and the eranial flexure was less 
noticeable. The snout did not yet overhang the lower 


jaw. 

One embryo of this stage was cleared in KOH 
and stained with alizarine red. The supraoccipital 
bones were the only well ossified structures. Narrow 
lateral margins of the parietals and frontal were be- 
ginning to ossify. The maxillary, articular and den- 
tary were also slightly ossified. The pterygoid was 
more heavily ossified, but not as much as were the 
supraoccipitals. The seven anterior neural arches 
were slightly ossified. 


The embryo of 29 mm. snout-vent length had a 
tail 11 mm. long. The body was folded twice and 
the tail was straight. The advances over the 23 mm. 
embryo were two: the outlines of the body seales and 
head plates could be seen, and the frontal bone was 
forming and had inereased the interorbital width. 
The tip of the tail appeared to be lengthening 
through the activity of a terminal growth bud. 

By the time the embryo has reached a snout-vent 
length of 35 mm., the outlines of the seales and head 
plates are clear. The seales are arranged in trans- 
verse and longitudinal rows and are slightly over- 
lapping. The rostrum overhangs the lower jaw. The 
pineal organ is under the center of the interparietal 
plate. The nostrils are slightly elevated, giving the 
snout a square appearance. There is one lateral 
line on each side which fades posteriorly. The dor- 
sal line is faint and also fades posteriorly. The 
copulatory anlagen still protrude. 

Early in October, 1939, a young lizard was born 
which was 60.0 mm. in total length and weighed 
0.275 grams. The head was long, narrow and pointed, 
with bulging eyes. The dorsal line was distinct on 
the silvery upper parts; the sides of the body were 
dark. The venter was flesh colored and the internal 
organs were clearly visible through the thin skin. 
When put in sand, it dug in readily, although slowly. 
It lived about ten days. 

An individual of 46 mm. snout-vent length was 
born alive in October, 1939. The total length was 
64 mm. and it weighed 0.32 grams. It lived about 
two days. The dorsal stripe was present, being 
black and silver. There were four fine dark stripes 
on the margins of the seales on each side of the mid- 
dorsal stripe. Lateral to this was a dorsolateral 
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stripe two and one-half scale rows wide. The centers 
of the scales of the dorsal rows between the wide 
lateral stripes were pinkish silver. Ventrally from 
this stripe to the midventral line the skin and seales 
were coral pink (Ridgway 1912: XIII-5’-d). The 
ventral side of the tail was like the dorsal side— 
pinkish silver with narrow diffuse long:tudinal lines 
between the scale rows. The head was silvery, dark- 
ening anteriorly on the sides and below. The throat 
was silver with dark longitudinal lines between the 
seale rows. The internal organs showed through the 
thin-skinned venter, altering the color locally. The 
interparietal plate was completely fused with the 
frontoparietal. 

An individual of 52 mm. snout-vent length was 
born dead in the embryonic membranes. The body 
was folded once, and the 22 mm. tail was straight. 
The lizard appeared to be ready to shed, and the 
body skin was easily removed with the aid of a 
needle. This condition appeared to be normal, ex- 
cept that the head was not ready to shed and the 
seales under the shed skin were dull instead of 
shiny. By all indications, if this lizard had been 
alive, it would have shed soon after birth. 

A lizard of 54.5 mm. snout-vent length was born 
alive in October and lived until mid-December. Its 
total length was 75.0 mm. The weight in October 
was 0.525 grams, and in December 0.42 grams. Dur- 
ing the two months of its life this lizard was very 
active. 

GROWTH 


At birth, I found the lizards to be approximately 
50 mm. from snout to vent (65-75 mm. total length). 
Coe & Kunkel (1906: 351) state that “at the time 
of birth the young lizards are usually 70 to 80 mm. 
in length.” 

The rate of growth varies with the individual and 
the cnvironment. Judging from field records and 
gonad development, the lizards are about 80 to 90 
mm. from snout to vent at the end of their first year. 
Lizards two years old are from 80 to 120 mm. from 
snout to vent, and some are sexually developed. Fur- 
ther age determination should not be attempted; 
however, it may be safe to assume that the females 
are at least two years old, probably three, before 
they breed. The gonads of subadult lizards are ap- 
proximately 2 mm. in length. 

Lizards of snout-vent lengths from 120 to 135 mm. 
show little seasonal change in the gonads which are 
usually 3 to 5 mm. long. All males over 135 mm. 
that were examined showed marked seasonal variation 
in the length of the testis. Individuals of the same 
size have tesies averaging one millimeter longer in 
the summer (breeding season) than in the spring 
(3.9 to 6.8 for summer and 3.0 to 5.7 for spring). 
One testis of a lizard killed in summer was 18 mm. 
long. The lengths of ovaries were much more variable 
than those of the testes. 

The smallest female containing embryos was 124 
mm. from snout to vent. The two developing eggs 
were 26.4 and 22.4 mm. long, respectively. The larg- 
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est female was 176 mm. from snout to vent whereas 
the largest male was 154 mm. 
Age groups based on field records may roughly be 
designated by body size. 
Snout-vent length 
Immature—Young of the year, not sex- 
ually developed ......... 46 to 82mm. 
Two years old, not sexually 
developed (probably _ fe- 
RN iro eas ora cceraie Gacsins 82 to 110 
Subadult—Two years old, sexually devel- 
oped, but probably non- 


| RRA ee Gre epee 82 to 120 
Adult—Breeding, probably at least three 

MONEE %a.5 ors. sve divin. a cimier's 120 to 160 

URN MIN ecnoreid:t vwisieiciece soles 160 and up 


The growth of five black limbless lizards was fol- 
lowed in the laboratory at Berkeley (Table 2). The 
conditions in the laboratory were not natural, nor 
was the food eaten by the lizards. Because of the 
more uniform temperature than in the wild (16° to 
25° C. at all times) and the vitam‘ns added to the 
food, these growths must not be used in age deter- 
minatfons. However, a broad generalization ean be 
drawn: the rate of increase in body size is inversely 
proportional to actual body size. 


TABLE 2. Growth of Anniella in the laboratory at 
Berkeley, California; measured in millimeters. 





Number of 
months in SV SV 
captivity before after 


Per cent 
Increase | increase 
per year 


A. p. pulchra 


Sean anes 66.0 98.0 32.0 83.0 
A re 71.0 94.0 23.0 97.1 
i Se eee 87.0 96.0 9.0 iY 
ee ae 98.0 119.0 21.0 32.1 
Re ee 103.0 138.0 35.0 50.9 
Bop ad csrarsvauiataae 113.5 116.5 3.0 4.3 
— re 116.5 121.0 4.5 5.8 
WB isierass.sne sete: < 120.5 123.0 2.5 4.1 
A. p. nigra 

. SA Re er re 77.0 $1.0 4.0 10.3 
- OEE PE 109.0 139.0 30.0 | 36.8 
oe ee RT 129.5 134.0 4.5 4.4 
. SA ere 135.0 138.0 3.0 | _ 

We hes eer-asees 154.0 154.0 - = 


LiFe CYCLE OF ANNIELLA PULCHRA PULCHRA 


The nfe cycle of A. p. pulchra is similar to that 
of A. p, nigra, but it is probably more variable be- 
cause of the more diverse climatic conditions under 
which pulchra occurs. One embryo (67.0 mm. SV) 
was taken from a female in Kern County on Sep- 
tember 15, 1931. This embryo was folded once ani 
appeared fully developed. Two embryos were taken 
from a female in Los Angeles County on November 
11, 1908, which were not as well developed (42.0 and 
43.0 mm. SV) as the specimen from Kern County. 
Klauber (1932: 5) reports that “a spee:men collected 
August 31, 1926 (body length 131 mm.), contained 
two apparently fully developed embryos 69 and 66: 
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mm. long. They are light colored with normal longi- 
tudinal lines clearly defined. They are folded three 
times in the egg membrane.” The aforementioned 
embryos, 42.0 and 43.0 in snout-vent length, were 
60.0 and 68.5 mm. total length respectively, and were 
probably in approximately the same stage of develop- 
ment as the two embryos reported by Klauber in 
August. 

Klauber (1939: 96) reports another embryo taken 
from a female which “was 142 mm. [total length], 
body length 109 mm., tail incomplete.” The total 
length of the embryo was 97 mm., whereas the body 
length was 63 mm. This female was killed on Novem- 
ber 10, 1938, at Pacific Beach, San Diego County. 
These four records of embryos indicate different 
breeding seasons for lizards in Los Angeles, San 
Diego, and Kern counties. 

The smallest female containing embryos known to 
me is 109 mm. SV. The largest male is 185 mm. SV, 
whereas the largest female is 155 mm. 

The growth of eight A. p. pulchra was closely fol- 
lowed in the laboratory at Berkeley (Table 2). As 
stated before, these figures cannot be used to deter- 
mine age, but they do show general trends. They 
also show that the rate of increase of size of pulchra 
is greater than that of nigra. In other words, 
pulchra matures younger than does nigra. This has 
already been indicated by the size of the smallest 
breeding female of the two subspecies (pulchra, 109 
mm. SV; nigra, 126 mm. SV). 


SHEDDING OF SKIN 

Kedysis in the limbless lizard is preceded by a 
characteristic color change. As the highly polished 
cornified surface layers of skin break away from 
the deeper layers, a change is produced. As soon as 
the loosening is complete and the newly formed outer 
surface of the skin becomes polished, the original 
coloration returns. 

The first indeation of shedding in an adult A. p. 
nigra is the change of color from black to light blue 
(Ridgway 1912; deep green-blue gray XLVIII- 
45°’ ’’ - b) which takes one or two days. The light 
blue phase remains for from five to eight days. The 
return to normal coloration progresses from the tail 
toward the head, which is the last to become dark 
again. This darkening is accomplished in from three 
to five days. The lizard then appears normal, but 
dull, for a day or two until the skin begins breaking 
away in fragments. The neck area usually loosens 
first, and the lizard slips out of the skin leaving it 
in tightly pleated eylindrical pieces. There is no 
muscular activity correlated with shedding as is em- 
ployed by snakes. The head plates are usually the 
last to shed. 


The rapidity of shedd’ng is dependent on the 
amount of moisture in the substratum. If the sand 
is dry, the cast skin may adhere to the new skin for 
some time and the head may not shed at all. The 
old dry skin on the head makes feeding and the use 
of the eyes difficult. The lizards become sluggish and 


apparently sometimes starve to death. If the sand 
is damp, however, the east skin absorbs moisture and 
sloughs off in one to two days. The complete eedysis 
may be accomplished in from nine to twenty days. 
Under field conditions it is probably completed in 
about ten days. 

The frequency of shedding varies with the aetivity 
of the individual lizard. Under laboratory conditions 
lizards shed every three to five weeks, from February 
to November. Aetivity was less during the winter 
months and some lizards did not shed at this time. 

The color change prior to casting the skin is less 
noticeable in the more silvery individuals, and in 
A. p. pulchra it can only be seen along the longi- 
tudinal lines. 


REGENERATION OF TAIL 


The incidence of tail regeneration in the limbless 
lizard is high, being 59 per cent of the 161 nigra and 
69 per cent of the 79 pulchra examined by me. The 
regrown portion is a short black cone and is the 
same in the two subspecies. 

The regrowth of the tail of a lizard in the Jab- 
oratory took nearly a year. About one week after 
the break, the stub was rounded and covered with 
p:nk skin. Six months after the break the regrown 
tip was 3.0 mm. long. The pink skin covered only 
the apex and was 1.0 mm. in diameter. The rest of 
the cone was covered with small black seales. The 
pigment was first deposited on the dorsal half of the 
new tail. After eleven months the regeneration was 
complete, the new tail being 4.1 mm. long and cov- 
ered with black seales. The margin between the 
caudal seales and regenerated scales was marked 
only by the reduction in size of the latter. 


ENEMIES 


Because the limbless lizard is subterranean, it has 
few enemies. Listed below are those animals which 
are known to have attacked or devoured either A. p. 
pulchra or A. p. nigra. 

Man (Homo sapiens) 

House cat (Felis domesticus) 

White-footed mouse (Peromyscus maniculatus) 

Loggerhead shrike (Lanius ludovicianus) (Fisher 

1901: 48) 
Boyle king snake (Lampropeltis getulis boylii) 


There are, in addition to the above, several ani- 
mals which inhabit the same terrain as Anniella 
which might be potential enemies. These are: 

Dog (Canis domesticus) 

Norway rat (Rattus norvegicus) 

yround squirrel (Citellus beecheyi) 

Meadow mouse (Microtus californicus) 

Pocket gopher (Thomomys bottae) 

Mole (Scapanus latimanus ) 

Crow (Corvus brachyrhynchos) 

Alligator lizard (Gerrhonotus coeruleus and Gerrhon- 

otus multicarinatus). 

Gopher snake (Pituophis catenifer) 

Racer (Coluber sp.) 






































waded se 86 48 bao 


« 







































278 CHARLES M. MILLER 


The high percentage of regenerated tails suggests 
that some formidable enemy is thwarted by the au- 
totomy. This might be such forms as mice or moles. 
Hot sand or direct sunlight may be a factor in in- 
juring the tails of the lizards. It was found that 
when a lizard digs into the sand, the end of the tail 
is often left exposed. It was also noted that the 
sensory nervous supply to the tail is much less than 
to the rest of the body (see below). By leaving the 
tip of the tail exposed the lizard leaves itself open 
to attack from any number of roving predators. In 
addition, if the exposed tail should be in the direct 
rays of the sun, the temperature may be raised above 
the lethal point (40° C.) and the tissue killed. This 
oceurred in a laboratory experiment and the lizard 
regrew a black tip on the tail where the injured 
tissue had sloughed off. 


DEFENSE 

When a lizard bites, the strike is slow and delib- 
erate. This is often not completed, being apparently 
a bluff. However, when a good grip is attained, the 
lizard bites hard a few times then releases its hold. 
Usually the bite is not painful but the pinch is strong 
and might be harmful to soft tissue. 

When the lizards were crowded and without cover, 
they often bit each other, sometimes drawing blood. 
When bitten on the tail, there is no excitement, but 
when bitten on the body they writhed as if in great 
pain. The attacker usually held on a few seconds 
and was thrown about by the contortions of the 
victim. 

PARASITES 

Two internal parasites but no external ones were 
taken. 

A nematode is often found in the colon of both 
A. p. pulchra and A. p. nigra. These round worms 
are white and about five millimeters in length. There 
may be from two to eight worms in one lizard. 

In his recent paper on oxyurid nematods, Walton 
(1941: 16) states that these worms “undoubtedly be- 
long to the genus Thelandros, thus inereasing the 
range of the genus to include the southwestern coastal 
area of the United States.” Previous to the discovery 
of these worms in the limbless lizard, members of this 
genus had been reported only from African, South 
American, Australian and Asiatie reptilian hosts. 
Walton states further: “no attempt is made to give 
a species designation to this Thelandros form [from 
Anniella] since the material consisted entirely of fe- 
male specimens with the exception of enough frag- 
ments of a male to enable the definite generic iden- 
tification to be substantiated.” 

A cestode has been taken from two pulchra-nigra 
intergrades at the mouth of the Salinas River and 
from one nigra from Pacifie Grove, Monterey County. 
Dr. Stunkard writes that it is an anoplocephaline 
tapeworm of the genus Oochoristica, but that specific 
identification is not possible with the available mate- 
rial. One of the infected lizards had five tapeworms 
in its intestine; the seolices were just below the stom- 
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ach. The presence of these parasites had no visible 
effect upon the hosts. 


STRUCTURES AND ACTIVITIES RELATED 
TO FOSSORIAL LIFE 


Limss 


Externally there are no traces of either pelvie or 
pectoral limbs in Anniella. Internal vestiges remain, 
however. Camp (1923: 468, Figs. 70-72) illustrates 
the cartilaginous clavicle which is buried in the mus- 
culature of the shoulder region. The rest of the 
pectoral elements are entirely lacking. The pelvic 
girdle is also reduced. Cope (1900: 673) states: 
“the ilium is represented by a small and short rod- 
like bone, which is attached to the extremity of the 
diapophysis of a single vertebra. The proximal ex- 
tremity is direeted backward for a short distance 
posterior to the point of suspension, as in Anely- 
tropis. According to Baur, there is a rudimentary 
ischium and pubis, ‘which are united proximally.’ 
No trace of posterior limb.” 


LOCOMOTION 


In the absence of limbs, locomotion is achieved by 
undulatory body movements. There are no scutes 
as in snakes, or annuli as in amphisbaenids, nor 
are there setae as in earthworms to aid in pro- 
gression. The body surface is covered with smooth 
highly polished imbrieated seales which reduce frie- 
tion with the substratum. 

The basic locomotor pattern is a lateral sigmoid 
undulation of the body, which is started by the head. 
If a fixed object is available the lizard will “push” 
itself along, the point of contact being constantly 
shifted posteriorly. On a smooth surface, such as 
glass, progression is practically impossible; the lizard 
twists and bends ineffectually. On smooth fine sand, 
however, the lateral swing of the body raises small 
ridges in the sand (Fig. 4). The lizard pushes against 
these ridges and progresses forward. 

When a lizard is put onto a smooth surface of 
dry sand, the first movement is usually an elevation 
of the neck with a subsequent foreing of the snout 
down into the sand. At the same time the body 
pushes against the substrate, raising little ridges for 
traction, and the head is moved back and forth 
quickly as if parting the sand (Fig. 2). When any 
cuneiform object is pressed into sand, it slides in 
among the grains easily. If moved from side to side, 





Fig. 2. Anniella pulchra pulchra digging in. Note 
indication of the lateral movement of the head. 
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much less pressure is required to force it into the 
substrate. The lateral movement of the cuneiform 
head of the lizard is slight, but it is repeated rapidly, 
thus literally packing the sand on each side. The 
lizard moves forward at the same time by the force 
of the body pressing against the ground. As soon 
as the head is under the surface it turns to one side, 
starting a sigmoid curve. After approximately one 
inch of the body is in the burrow the force is all 
exerted on the first undulation underground; the rest 
of the body often swings around with only the tail 
marking the sand. 

Sometimes a vertical movement of the head re- 
places the lateral swing. This is only when the com- 
pactness of the sand hinders further lateral com- 
pression. If a lizard is several inches below the sur- 
face in a jar and approaches the glass, the head is 
moved up and down, compacting the sand vertically 
because the lateral compression is impossible on one 
side. However, when a lizard was put into a narrow 
glass eage slightly wider than the lizard itself, it 
turned on its side and used the lateral motion of the 
head to part the sand as it dug. In this way it was 
also able to start a curve under the surface in the 
same manner as if the cage was horizontal. 

Subsurface progression is accomplished in the 
same manner as surface progression except that the 
head must cleave the sand to allow the body to pass 
through. Traction is much greater below the sur- 
face, as the entire body is used to exert force on the 
substratum. Movements underground are generally 
slower than on the surface. In digging in, an eight- 
inch lizard disappeared under the sand in six seconds. 

Movements are easier for the lizards when within 
one inch of the surface. At this depth the sand is 
not only compacted laterally as the lizard moves 
through it, but is also raised into a ridge on the sur- 
face. A groove is left in the surface of the sand 
after the lizard has passed (Fig. 3). These surface 
grooves may be used as field “signs” indicating the 
presence of the lizards. However, beetles (Coelus 
ciliatus) form similar grooves in great numbers. The 
beetle grooves differ from lizard grooves in being nar- 
rower (about 14-inch across) and by having sharp 


Fig. 3. Groove made by subsurface progression of a 
limbless lizard. The lizard is in the lower right part 
of the groove. 

Fig. 4. Ridges made by surface progression of a limb- 
lens lizard. 


angles. The grooves made by lizards are usually at 
least one-half inch across and follow smooth curves. 

‘In damp sand, which is characteristic of the deeper 
layers in sand dunes, the tunnels do not collapse. 
One such tunnel was followed for about sixteen 
inches near the trunk of a large lupine bush at Car- 
mel. It paralleled the surface at a depth of 1 ineh. 

In the laboratory the deeper tunnels were ob- 
served against the glass sides of the eages. Lizards 
were frequently seen moving both forward and back- 
ward; there were many periods of inactivity. The 
deep tunnels were changed constantly as were the 
entrances on the surface. 

Since the limbless lizard usually oceurs under 
bushes or leafy litter on the surface of the ground, 
these grooves and burrows are not often encountered 
in the field. However, where trash such as boards, 
logs and similar cover is present, the burrows are 
often exposed by moving this cover. A glass plate 
was laid firmly on the sand in the cages and the 
lizards on coming to the surface made burrows under 
the plate. These burrows were changed frequently, 
as were those at deeper levels. 


MIDVENTRAL GROOVE 

On the ventral surface of live Anniella there is a 
longitudinal groove which extends from just behind 
the throat to the vent. The presence of this groove 
produces a double-keeled ventral surface. Mosauer 
discusses these adaptations in sand-dwelling forms 
such as Uma notata, Chalcides sepoides, and Sonora 
occipitalis. He (1932: 76) states that “it seems rea- 
sonable to assume that the erescentic cross section of 
the body of the subarenaceous forms has a mechan- 
ical significance in burrowing, functioning as a double 
keel and thus preventing slippage in the horizontal 
undulations of the body.” 


Fie. 5. Outline of 
cross-section of body of 
limbless lizard, x 1%. 


CANTHUS RostRAtLis 

The snout projects over the lower jaw and is 
formed by the rostral and upper labial plates. This 
forms a cuneiform wedge with the lower jaw “counter- 
sunk” on the ventral surface. The rostral and upper 
labial plates are folded in the center, forming a 
smooth pointed edge (Mosauer 1932: 75-76; 1935: 
17). <Anniella geronimensis presents the sharpest 
canthus rostralis of any member of the genus. 


EYES 
The eyes of Anniella are small and deep set. They 
are functional and are covered by a lower lid bear- 
ing three scales. These scales are shed with the 
head plates. Early workers were in disagreement 
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about the eyesight of these lizards; the most extreme 
view was that of Ditmars (1907: 168): “The eyes 
are covered with translucent skin and are useless.” 

Anniella appears to be near-sighted. In the lab- 
oratory a lizard in a burrow under a glass plate (see 
p. 279) followed a small beetle larva which was on 
top of the glass. The larva moved above the bur- 
row for three inches. The lizard followed closely 
with:n the burrow and repeatedly struck at the larva. 
The larva was about one-half inch from the lizard’s 
eye. The larva then moved away from the burrow 
and when the lizard could no longer see it, the 
chase was given up. 

The sudden approach of a large object, such as a 
man approaching the cage, usually caused the lizards 
to withdraw from the surface of the sand or from 
under the glass plate. Slow movements at a distance 
of two feet or more produced no reaction. 

The eyes are closed when the lizards move in dry, 
unconsolidated sand. In open burrows in damp sand, 
however, they are open. 


EARS 


There is no external ear opening. The lizards have 
keen perception of mechanical disturbances close to 
them. In feeding a lizard which had come to the 
surface with just the head above the sand, a beetle 
larva often bumped the snout of the lizard. The 
lizard would immediately withdraw and come to the 
surface ahead of where the larva was crawling and 
satch it. 

On several oceasions lizards were observed with the 
head on the surface but with the ote region below 
the sand. They often remained in this position for 
ten minutes or more. The nostrils were above the 
sand and the eyes were open. The lizards gave the 
appearance of being on guard or “still hunting.” 


NARES 


The external nares are situated on the crest of a 
slight elevation in the nasal plate. They are not 
closed or protected by overhanging scales. However, 
the nasal plate extends into the nares, forming a 
tube, which is connected with an intranarial process, 
the surface of which is shed with the nasal plate. 

Eddy (1906: 638) in discussing the brain of A. 
pulchra mentions “the large olfactory lobes closely 
applied to the forebrain . . . the small otie lobes and 
the very small cerebellum.” Morphologically then, 
the olfactory organs seemingly are well developed. 

The tongue as well as the nasal passages is prob- 
ably associated with olfactory sense. The tongue is 
often “licked” out as if testing the air. In the lab- 
oratory in winter the lizards would extend the head 
vertically about an inch out of the sand and lick the 
air a few times with the tongue, while apparently 
looking around. After about ten to thirty seconds 
they would retreat beneath the sand. Usually they 
came from deep in the sand to make this observation. 


CHARLES M. MILLER 
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SENSE OF TouCcH 
A positive thigmotropism is definitely correlated 
with the fossorial habits of these lizards. They re- 
quire contact with some substance on their backs and 
sides. When just enough sand to cover them was 
provided, the lizards moved only oceasionally. How- 
ever, when no sand or cover of any sort was present, 
the lizards were erratic and unceasing in their move- 
ments. They did come out of the sand but this was 
usually under the cover of the leafy layer on the 
surface or under the glass plate. It was noticed sev- 
eral times that when the laboratory animals came out 
of the sand with no cover present they would not re- 
main on the surface but dug in almost immediately. 
When given a choice between cover and no cover, 
they invariably sought the cover. When placed on 
the surface of sand, they always dug in. 
VERTEBRAE 
The number of rib-bearing vertebrae is large due 
to the elongation of the body and the need for addi- 
tional support for the posterior trunk region. Ther« 
are seventy-three rib-bearing vertebrae in Anniellu 
(Cope 1900: 673). 
LUNGS 
The right lung is elongated and well developed. 
The left lung is small or rudimentary, although it 
remains functional (Coe & Kunkel 1906: 360, Fig. 8). 


a 


REPRODUCTIVE ORGANS 
Both testes are present, the right testis lying an- 
terior to the left. The duets are normal. Both 
ovaries are present; the right one is anterior to the 
left. The left oviduct is either absent or vestigial 
(Coe & Kunkel 1906: 374, pl. XLIIT). The right 


oviduct is normal and receives ova from both ovaries. 


ECOLOGICAL RELATIONS 


The range of Anniella lies in the western part of 
central and southern California and in northwestern 
Lower California. This region is diverse in both 
topography and climate. The major units are: the 
coast region, the San Joaquin Valley, the foothills 
of the Sierra Nevada, the valleys of the interior of 
southern California, the edge of the Colorado Des zt 
and the Sierra San Pedro Martir. 

Anniella pulchra nigra oceupies a region of uni- 
form climate, the Transition Life-zone, on the coast 
from Santa Cruz County (possible San Francisco 
County) south to San Luis Obispo County where it 
intergrades with A. p. pulchra. The latter oceurs in 
a similar climate on the coast, and also in wetter, 
drier, hotter and cooler climates in the San Joaqu'n 
Valley, in the various mountain ranges, and at the 
edges of the desert. It occurs in Lower and Upper 
Sonoran, Transition and possibly Canadian life-zones. 


TERRAIN 


Limbless lizards have been taken from many types 
of terrain. A few of the typical regions are d-s- 
cussed below. 
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Coastal sand dunes.—The sand dunes at Carmel, 
Monterey County, are on a terrace seventy-five feet 
above the beach. The sand is white and fine grained 
(84.6 per cent of the grains are from 0.2 to 0.5 mm. 
in diameter). The vegetation is sparse and is domi- 
nated by large lupines (Lupinus arboreus) and 
mock heather (Er-cameria). Cypress trees form 
vegetation “islands” in the draws (Fig. 7). The 
black limbless lizards are found in the sand and 
leafy litter under the edges of the bushes. 


Fic. 6. Habitat of the black limbless lizard at Car- 
mel. The thermometer marks the zone where the lizards 
‘‘bask’’ in the warm sand. Note the leafy litter be- 
neath the lupine bush (Lupinus arboreus). 


Fic. 7. A cypress group in the Carmel sand dunes. 
The thermometer, located by the arrow, is shown in 
Figure 6. 


The sand dunes along Monterey Bay form long 
narrow tracts. In many localities they form spits 
between the bay and tidal sloughs. The sand is 
coarser here than at Carmel. The vegetation is gen- 
erally sparse toward the sea and heavier toward the 
land. The sparse vegetation is dominated by sand 
verbena and low lupines. To the leeward the large 
yellow lupines and mock heather are dom‘nant. The 
lizards are more common near the larger vegetation. 

At Watsonville the dune areas are divided into 
grass associations (Ammophila arenaria) and lup'ne 
associations (Lupinus arboreus ) (Fig. 9). The liz- 
ard taken here was in the lupine association. 

Sand hills——The sand hills east of Antioch, Contra 
Costa County, form the south bank of the San Joa- 
quin River. The sand is loose and fine grained (53 


Eco.Logic RELATIONS AND ADAPTATIONS OF THE LIMBLEss LIZARDS 281 


per cent of the grains are 0.2 to 0.5 mm. in diameter 
and 36 per cent are from 0.1 to 0.2 mm. in diameter). 
The dominant vegetation is annual grasses, herbs and 
live oak trees. Lupines (Lupinus arboreus) are 
found near the river. The silvery limbless lizard 
occurs in this region near the oaks, usually under 
boards, logs or other refuse. 

Western San Joaquin Valley.—Lyle Christie found 
several specimens of A. p. pulchra on the Lillis 
Ranch, “30 miles southwest of Mendota, Fresno 
County.” In the spring of 1936 he was building a 
road through a diatomaceous formation known as the 
Kreyenhagen shale when he found some silvery limb- 
less lizards at a depth of approximately two feet. 
He writes that this “shale is always dry, on a slope 
with a south exposure, and it is only in the very wet- 
test of years that even grass grows on it.” A vear 
or so later he dug out several more lizards in ap- 
proximately the same place. In February, 1938, 
another specimen was taken under a “fairly large 
rock” in a “cool damp place in the shade of an old 
cottonwood tree.” The sites of collection in 1936, 
1937 and 1938 were all within three hundred yards. 
In January, 1940, another lizard was dug up. This 
site “was about two miles distant from the first 
previous loealities, up the canyon, the difference in 
elevation be‘ng about three hundred feet.” 


Fic. 8. Habitat of the black limbless lizard on the 
second islet off Point Pinos. Note the shells in the 
arth at the base of the Eriogonum bush. 


Fie. 9. The lee of the sand dunes 4 miles west of 
Watsonville, showing the change from the grass associa- 
tion (Ammophila arenaria) on the right (seaward) to 
the lupine association (Lupinus arboreus) on the left. 
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Mr. Christie summarizes his observations as follows: 
“In all cases the lizards were found either on the 
banks of the creek, or the very edge of the bank, but 
that may have been a coincidence because that hap- 
pened to be where we were working most frequently. 
In no case was there any brush, and only in one place 
does much grass grow. At the time we found the 
lizards it was always cool, but this again may be 
because in hot weather we do very little of such work 
as to uncover them.” 

The Lillis Raneh is situated on Cantua Creek, 
which drains the eastern slope of the Coast Ranges 


and flows into the San Joaquin Valley. It rises in ~ 


the Upper Sonoran Life-zone and flows from the hills 
into the Lower Sonoran of the valley. Judging from 
Mr. Christie’s reference to the three-hundred-foot 
rise in the stream in two miles, the sites where 
Anniella was taken are probably in the lower edge 
of the Upper Sonoran Life-zone. 

Interior valleys of southern California.—The sil- 
very limbless lizard is reported by Hilton to be 
“common, but not abundant” near Claremont in east- 
ern Los Angeles County. The lizards are found in 
the upper portions of the alluvial fans. One col- 
lection site which I examined was in the “wash” area 
adjacent to the present stream bed of Thompson 
Creek, which ultimately drains into the Santa Ana 
River. This creek flows only during heavy storms. 
The vegetation is dominated by black and white sage 
(Salvia) and chamise (Adenostoma). Several species 
of eactus (Opuntia) and buckwheat (Eriogonum) are 
common. The vegetation is dense, chaparral-like, 
with open spaces between the plants forming narrow 
paths. The earth is hard, except in local areas under 
the bushes where leafy refuse has accumulated. The 
soil of the region is generally fine grained, with a 
high percentage of stones and boulders. 


EFrFect OF TOPOGRAPHY AND COVER 
Hall & Grinnell (1919: 39) point out the effect of 


slope exposure, air currents and succession of vege- 
tation on the local distribution of life-zones. These 
factors apply in the same way when considering the 
microrelief as when considering the gross topog- 
‘aphy. The south-facing slopes of sand dunes are 
warmer and drier than the north-facing slopes; the 
lee side of a coastal dune chain is warmer than the 
windward side. The moving dunes with sparse low 
plants undergo greater extremes in temperature, 
moisture, and exposure to the wind than stable dunes 
with higher shrubs and trees. 

The presence of vegetation alters the local condi- 
tions in sand dunes by resisting wind erosion, adding 
humus to the sand, holding the moisture near the 
surface of the sand, and preventing extreme temper- 
atures. The flora also makes possible the existence 
of a large insect fauna, which lives mainly in the 
leafy litter that accumulates under the plants. 

The distribution of vegetation in coastal sand dunes 
is determined by the exposure, there being generally 
more plants on the north-facing than on the south- 
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Fie. 10. Deciduous oak-grass association in Carmel 
Valley (12 miles east of Carmel) where W. K. Fisher 
found silvery limbless lizards. 


facing slopes. The larger plants are usually on the 
lee of the dunes protected from cold winds and sand 
abrasion. To the windward the low more resistant 
plants are dominant, all vegetation decreasing toward 
the beach. 

The interaction of miecrorelief and _ vegetation 
affects the moisture and temperature of localized 
areas. For example, under a large lupine bush in 
midwinter the sand was cold and wet. On one side 
of the bush, however, there was a relatively restricted 
zone of drier, warmer sand. This drier area was 
protected from the micro-wind currents, as the bush 
had collected most of the rain on its windward side. 

The sand temperature was notably affected late one 
morning in September. The sun had come from be- 
hind heavy fog only about ten minutes before the 
temperatures were taken at the sunny side of a bush 
on a gentle south slope (Fig. 11). The difference 
between the surface temperature under: the bush 
(24.8° C.) and adjacent to it (40.0° C.) shows the 
effect of the bush in preventing extremes of sand 
temperature. Adjacent to the bush the difference 
between the surface temperature (40.0° C.) and the 
temperature one inch deep (25.5° C.) was probably 
due to the warmth of the direct sunlight. However, 
the difference between the one-inch temperature 
(25.5° C.) and the six-inch temperature (23.2° C.} was 
due to the warmth accumulated during the overeast 
morning. Under the bush two inches below the sur- 
face the sand was 2.5° C. cooler than six inches deep 
at the periphery of the bush. These temperatures 
had probably not been altered by the warmth of the 
sun that morning. This shows cumulative effect of 
the bush on the ground temperatures. The average 
temperature beneath the bush was lower than the 
average temperature adjacent to it (see beyond). 


TEMPERATURE 
The daily variation in temperature depends on the 
weather and the season. Fog, clouds, rain and bright 
sun all influence the temperature of the soil. The 
depth to which the temperature changes daily de- 
pends on the degree of obstruction of the sun’s rays, 
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Fig. 11. The effect of a bush on the temperature of the ground. 


the amount of moisture in the surface ground and in 
the air and the direction of the wind. On a windy 
overcast day the surface of the ground warms but 
slightly when compared with a bright calm sunny 
day. 

Figure 12 shows graphically the temperature 
changes during an average day from the surface of 
the ground to a depth of twenty-four inches. The 
gradients figured here were determined in open sand 
dunes adjacent to vegetation but not under it. For 
this average clear day let us assume that at dawn 
the temperature at the surface of the ground is 
10° C. and the temperature ten to twenty-four inches 
deep is 20° C. During the morning the surface 
warms first and the gradient begins to rise. As the 
heat penetrates, the gradient becomes smoother and 
at the middle of the day it has become inverted. 
During the afternoon the gradient declines slowly; 
after sundown it falls more rapidly and by the next 
dawn has returned to its original form. On an over- 
cast, rainy or windy day the gradient follows the 
same pattern to varying degrees of completion. 

Since the daily modifications of the gradient are 
not all the same, the temperature at a depth of over 
ten inches rises and falls slowly. If the midday 
temperatures are repeatedly high, the deep temper- 
ature will increase; however, if the heat at the surface 
is diminished through cloudiness the temperature of 
the deeper zones will decrease. The temperature 





40 





20. 








10" - _ 
0" 10 24 











Fig. 12.* Temperature gradients in sand during an 
average clear day. a, dawn; b, midmorning; ¢, midday; 
d, late afternoon. 
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from ten to twenty-four inches, then, is a result of 
many daily extremes, and may be termed the average 
or mean temperature for that spot at that time. At 
Carmel this deep temperature varied with the season 
(Table 3). 

TABLE 3. Sand temperatures at a depth of over ten 


inches, showing seasonal change; taken in the sand dunes 
at Carmel, California. 





Temperature Depth 
Suptener 23, 1939. eee 23°C. 8” 
November 25, 1939. pea 16-17°C. 15-24” 
January 19, 1940.......... 12-13°C. 15-24” 
March 21, 1940........... 16°C. 15-24” 
May 26, 1940............. 17-18°C 15-24” 
September 11, 1940....... | 23.5°C. i 


The daily variation of temperature appears to con- 
trol directly the activity of the lizards. In the morn- 
ing they are often found basking in the warm sand 
near the surface while in the afternoon and evening 
they are active in the leafy litter beneath the bushes. 
It is during the decline of the temperature gradient 
that the lizards feed. 

Under laboratory conditions the temperature varied 
in winter from 17° to 22° C. and in summer from 
20° to 26° C. The lizards were more active during 
the afternoon and evening (roughly from twelve noon 
to nine p.m.) than at any other time. 

The lowest temperature at which lizards were active 
in the field was 13.5° C. (A. p. nigra). On the oeea- 
sion of this record the lizard was moving through wet 
leafy litter beneath a bush at ten-thirty p.m. in Feb- 
ruary. The lowest temperatures at which lizards 
were taken in the field were 10.5° C. (pulechra) and 
13.2° C. (nigra) (Table 4). 


TABLE 4. 
grees 


Temperatures at field collection sites (de- 
Centigrade). 





A. p. pulchra 


| Temperature °C. | 


A. p. nigra 





| Temperature °C. 





No. |__| No. |I——_—_—_— 
| Coll. | Min. |Max.| Av. Coll. |Min. |Max.| Av. 
+ a a ] 6 | 10.5) 41.5) 10.80 5 | 13.2) 15.3)14.38 


2| 
March. 12 | 14.0} 27.8)/18.10) 29 | 14.2) 24.8/18.20 
Avea...... | 2 | 22.3) 22.3122.30) — | —|— | — 
May..... | -— | — | = | — | 61 | 15.5) 31.2/20.90 
ae 1 | 22.0) 22.0/22.00) — | —-|-|- 
September .| 2 | 22.0) 23.3/22.60) = a 
| 





The low temperature threshold of activity of A. p. 
pulchra from Antioch and of A. p. nigra in the lab- 
oratory was found to be 13° C. The lizards endured 
a temperature of 4° C. for twenty-four hours with 
apparently no ill effeets. 

The highest temperatures at which lizards were 
taken was 31.2° C. (nigra) and 27.8° C. (pulehra). 
The high temperature toleranc’ ~s determined in the 
laboratory is 40° C. Temperatu:es above 40° C. are 
lethal. 
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The optimum temperatures of activity are prob- 
ably from 15° to 25° C. The monthly averages given 
in Table 4 fall mostly within this range. Not all of 
the lizards tabulated were known to be active at the 
time of collection. Some were basking in the warm 
sand. 


MoIsTURE 


The limbless lizards are found in regions of well- 
drained porous soil. They occur loeally in situations 
where they can move from dry to damp soil. That 
moisture is essential to their activities has been 
pointed out in the discussion of shedding. Table 5 
shows the moisture content at lizards 
were collected. 


sites where 


TABLE 5. Moisture at field collection sites, by per- 
centage of total weight of the raw soil sample. 





| * 

































p. pulchra A, p. nigra 
z Moisture | Moisture 
| No. a Fe cece 
Cat. Min. coda b Av. | Coll. | Min. n. Max, Av. 
February..| 2 | 7.28] 8.5 93) 3. | 3.38/10.91| 7.06 
March. .. ' 5 | 2°71| 9.54! 27 1.82/25.82 16.46 
April......| 2 | 6.84| eed oe 2g ee 
May...... Be be be by | 1.09]16.60| 9.06 





TABLE 6. Organic matter present in the soil at field 
collection sites, by percentage of dry weight of some of 
the samples listed in Table 5. 





| A, p. pulchre = | A. p. nigra 



































ae _Organic Matter | Organic Matter 
No. a es. ane 

| Coll Min. on eat Av. ‘Call. | Min. rs 
et ena a | 

February..| 2 | 1.3213.2 26 3 | 1. -06|16. 89] 8.81 
March. i 5 | 2.29) 3.7 3116 21 |10. aes 90|16. 26 
April... | 2 | 2.79) 279 2.79| — = is 
May..... ;— —-|-— — | 7 3 08126. 5.45 14.15 





The amount of moisture present in clean sand can 
be roughly designated by the following characters of 
the sand as a mass: 

dry—will pour, 
cent water. 

dry-damp—will not pour, 
breaks with release of pressure; 2 to 4 per cent water. 

damp—will not pour, will press to east, will not 
break with release of pressure but will break if 
touched; 5 to 7 per cent water. 

moist—will not pour, will press to east, 
break with release of pressure or if touched; 
per cent water. 

saturated—will not pour, will puddle if agitated; 
over 15 per cent water. 

The highest soil moisture at which a lizard was 
found was 25.82 per cent of the total weight of the 
sample. This ground was highly organie (Table 7) 
and would be termed “damp” from the physical 
characters of the soil (see p. 286 for the effect of 
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organic matter on soil). At Carmel on February 24, 
1940, another lizard was found moving through wet 
leafy refuse under a lupine bush in the rain. 


TABLE 7. Soil moisture and organic matter content 
at collection sites of limbless lizards. 





Per cent Per cent 
Month moisture | organic matter 





| 


A. p. pulchra Contra Costa County 








eS eee | 8.58 | 1.36 
7.28 13.20 
ee ere 9.54 3.79 
7.52 2.45 
7.03 3.49 
2.41 2.29 
MN are. sacivinnerm sr aaiend 6.84 2.79 
A, p. nigra Monterey County 
A ear aor 10.91 | 16.89 
6.91 8.50 
3.48 1.06 
SP eee 25.82 25.75 
25.80 25.90 
24.66 | 24.25 
24.24 | 21.60 
22.99 20.90 
22.36 19.65 
21.98 13.65 
19.01 15.10 
17.76 13.85 
13.61 10.50 
13.36 16.40 
13.27 | 
13.14 10.05 
12.06 12.25 
9.72 14.95 
9.19 12.80 
8.91 11.78 
NES Sratislt ostacenurees — _ 
MM seit eieiehoisone. were 11.80 26.45 
8.15 16.81 
| 7.40 12.40 
7.30 13.80 
7.00 15.60 
5.70 10.95 
1.09 3.08 





The most moist sand which a lizard penetrated in 
the laboratory was a saturated mass rising but one 
inch above the level of adjacent water. One lizard 
remained in this situation for one month and appar- 
ently suffered no ill effects. 

The limbless lizard was found to be able to swim 
for short distances, the lateral undulating body move- 
ments being made fast enough to propel the body 
forward. Usually, however, the lizards moved slowly 
as if moving through sand and they sank to the bot- 
tom. Movements under water were often aimless 
bends and twists accompanied by gaping of the jaws. 
The lizards drowned in about thirty minutes. 

The lowest moisture recorded at a collection site 
was 1.09 per cent. This soil sample had only 3.08 
per cent organic matter. The lowest moisture re- 
corded in the field was 0.07 per cent. This sample 
was taken from the surface of a sand dune at Carmel 
at a temperature of 15.9° C. on January 19. The 
organic matter in surface Carmel dune-sand is ap- 
proximately 0.1 per cent of the dry weight. 


In the laboratory the lizards moved freely from 
dry sand (0.3 per cent water) to damp sand. The 
cages were set up with saturated sand (15 per cent 
water) one inch deep overlain with three inches of 
dry sand. Moisture diffused from the wet sand into 
the dry for about two inches. This diffusion zone 
varied from 1.3 to 1.8 per cent water. The lizards 
burrowed in the dry and diffusion zones, only enter- 
ing the wet zone when it had dried partly. 

The moisture present in sand dunes is shown in 
Table 8 in the form of profile readings taken at Car- 


TABLE 8. Moisture content of the sand dunes at Car- 
mel. All records were taken from samples at the south 
margins of lupine clumps, within fifty feet of each other; 
those for January and February were taken at the same 
spot. 











Depth in November January February 
inches 25, 1939 | 19, 1940 23, 1940 
0 6.40 —- | .% —- - 
1 .25 - | = - _ 
eee 1.09 .14 2.92 2.78 4.89 
12 .85 6.35 4.64 2.69 4.48 
14 5.55 - | = - - 
ees - 5.52 | 7.49 1.17 4.09 
aes _ 2.58 | 19.7 3.08 4.75 
MM teiciacees — — | 16.30 - - 
— 








mel. The great difference between the moisture at 
the surface and one inch below the surface on Novem- 
ber 25 was the result of about 0.55 inches of rain 
which fell in the night of the 24th. The surface 
crust of wet sand was from 14- to 14-inch thick the 
next day. The high moistures recorded on January 
19 at a depth of 24 and 30 inches were from the 
heavy clay substratum which underlies the sand 
dunes. Under a large bush (Ericameria) on January 
19, the moisture 36 inches deep in sand was 1.24 per 
cent. 
LicHT 

The limbless lizard is not negatively phototropie 
as its subterranean, crepuscular and nocturnal habits 
might indicate. The lizards are most active under 
conditions of low illumination; however, the main- 
tenance of burrows which were flooded with strong 
light (under glass plate) and frequent sojourns out 
of the sand in a brightly lighted room indicate the 
absence of a negative phototropism. 

The visible rays of sunlight were found to pene- 
trate sand from Carmel to a depth of five millimeters 
and Antioch sand to only three millimeters. The liz- 
ards usually are deeper than this in the sand or are 
under a board which also prevents light from reach- 
ing them. Nonvisible portions of the sunlight may 
penetrate deeper, and the pineal eye may be sensitive 
to these rays. The physiology of this organ in An- 
niella is still unknown (Coe & Kunkel 1906: 391). 


Sorts 


The limbless lizard is subarenaceous, usually in- 
habiting sand or sandy loam soil. There may be 
gravel, stones or boulders mixed with the finer soil. 
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On the islet off Point Pinos, Monterey County, the 
lizards have a choice of coarse gravelly sand or fine 
sandy humus soil of a shell mound. Most of them 
were found in the black humus soil which has a high 
percentage of broken shell fragments (Fig. 8). 

The amount of organic matter present in the soil 
in thirty-four collection sites of the limbless lizard 
varies from practically none to 25 per cent. The 
presence of organic matter increases the amount of 
soil moisture without decreasing the airspace in the 
soil. Table 7 shows the moisture-organie matter rela- 
tions at field stations. 

Dune sand is low in organie matter (1 to 2 per 
cent) except under the bushes, where the leafy layer 
lies on the surface and mixes locally with the sand 
(approximately 8 per cent) for about an inch. The 
movements of the lizards and inseets through the sand 
screen out the leafy chaff and pile it on the surface. 
The organie matter in dune sand plays a minor role 
in. moisture retention but a major role in supporting 
the fauna of insects. 

The depths at which the limbless lizards have been 
found are only approximate, as most of the depths 
were estimated rather than measured. “A couple of 
feet” is the most common depth referred to by per- 
sons who have dug them out while building roads or 
digging ditches. I have taken a lizard at a depth 
of eight inches and know of one reliable record of 
one being taken at a depth of twelve inches. 

At Antioch twelve silvery lizards were found at 
depths of from one to three inches (average 2 inches). 
These were all under logs, boards or some other cover. 
Eleven others were found on the surface of the 
ground under logs or boards. 

In the sand dunes of Monterey Bay and Monterey 
Peninsula, the black lizards were taken from the sur- 
face in the leafy litter beneath the bushes and down 
to a depth of eight inches (average 1.42 inches). 
They were also taken from the surface of the ground 
under boards. 

The bottoms of the cages in the laboratory were 
the most common abode of the lizards, some being 
thirteen inches deep in loose sand. 

The compactness of the soil and the moisture- 
airspace equilibrium determine the depth to which 
the lizards can penetrate. The compactness of the 
sand was recorded by a spring instrument shaped 
like the head of an Anniella which recorded the pres- 
sure exerted in grams. Steady pressure of the in- 
strument required more force to penetrate the sand 
than pressure with a slight movement such as the 
lateral movement of the lizard’s head. A pressure of 
500 grams plus the lateral movement allowed the in- 
strument to slowly penetrate a sand bank which 
could not be penetrated with a steady pressure of 
2,000 grams. 

At Carmel in January, the uneonsolidated dry 
sand on the surface of the dunes offered less than 
10 grams resistance. The damp sand two inches deep 
offered 200 to 400 grams resistance whereas the re- 
sistance of the sand over five inches deep was more 
than 2,000 grams. The greatest resistance was offered 
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at a depth of about twenty inches; below this the 

resistance was markedly less, although it was above 
2,000 grams. 

PLANT ASSOCIATIONS 

Anniella pulchra nigra oceurs more generally in 

stable sand dunes than in moving or strand dunes. 

The floras of these two types of sand dunes are strik- 

ingly different. Table 9 lists the majority of the 

TABLE 9. Plant associates of Anniella pulchra nigra 


in Monterey County; a, abundant; m, moderately com- 
mon; s, sparse. 





| Point Pinos, 
| mainland 
islet 


Moving dunes 


Stable dunes 
Carmel 


| Point Pinos, 


| 


| Moss Landing 


| Castroville 
| Watsonville 





| 
| 
| 
| 
| 
| 


Pinaceae | 


Pinus radiata 


7) 


Cupressaceae 

Cupressus macrocarpa . . , 8 a a 
Graminae | 

Bromus rigidus.......... 

Bromus carinatus....... Be taranavs P s 

Elymus mollis.......... te ee ae ee re m 

Hordeum nodosum......|.... : s 

Ammophila arenaria.....| a : Farce ; a 
Polygonaceae 

Eriogonum parvilfolium..|....| D | a 
Chenopodiaceae | | 

Atriplex californica......}....| Su}.... ; a 
Nyctaginaceae | 
|} m]|a a a a a |m 
Aizoaceae } | | 

Tetragonia expansa (?) 

Mesembryanthemum | | 


Abronia latifolia...... a 


aequilaterale..........| m Mm |....) m 
Caryophyllaceae | 
Spergula arvensis........|... 
Papaveraceae | 
Eschscholtzia californica 
var. maritima 
Cruciferae 
Thelypodium 


lasiophyllum 

Leguminosae | 
Lupinus arboreus........|....| D | a 

Meliiotus indica.........]....].... P| eae BS 
Astragalus menziesii.....|....)... a | 
Frankeniaceae | 

Frankenia (?)....... rnc eee (rare) Corer) eae toe 
| 


m 


m m 





Onagraceae | 
Oenothera spiralis.......|....| m ala 
Convolvulaceae } | 


m 





Convolvulus soldanella...| m ae eee 


| 
| m/|m 
oo 
Hydrophyllaceae | | | 
| 


m 
Phacelia distans. .. . 
Boraginaceae 
Amsinkia spectabilis.....|....|.... ae ee 
Scrophulariaceae | 
Castilleia latifolia. ...... 
Compositae 
Astereae 











Su }....] m | m | m 





Ericameria eriocoides . . 
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m | m |.. a a | m 
Ambrosieae | 
| 





Franseria bipinnatifida.| m 
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° i 


Helenieae | 
Baeria uliginosa...:...|... .| hs 2a 8 
Eriophyllum 

staechadifolium var. 
artemisiaefolium . 
Anthemideae 


Artemisia pyenocephala. te Se Beer oe = m 
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Fig. 13. Surface of the second islet off Point Pinos. 
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The dark vegetation is Eriogonum growing in the shell 


mound. In 1939-1940 sixty-two black limbless lizards were found here. 


species of plants of the Monterey Peninsula at local- 
ities where Anniella occurred. At Castroville and 
Moss Landing in the moving dunes there is another 
lupine (probably Lupinus tidestromi). The domi- 
nants (D) and subordinates (Su) (Cooper 1936) are 
marked in the column of stable dune plants. This 
tally is complete for the islet off Point Pinos and 
nearly complete for the other localities. 

Anniella pulchra pulchra oceurs at Antioch, Contra 
Costa County, in the oak-grass covered sand hills. 
There the lizards migrate into grape vineyards where 
they are occasionally plowed out. The oak-grass 
association is characterized by Quercus agrifolia, an- 
nual grasses, Erodium, Godetia and Echinoecystus. 
In local areas these hills are dune-like and are char- 
acterized by cover of Lupinus arboreus, Oenothera 
palida and Eriogonum nudum (?). 

At Cantua Creek, Fresno County, the silvery liz- 
ards are in cottonwood-grass association. 

On the alluvial fan near Claremont, Los Angeles 
County, the lizards oceur in sage-chamise association. 


POPULATION 


PopuLaTION DENSITY 

The population density of the limbless lizard at 
most collection stations is low. The majority of 
localities of collection are represented by one or two 
specimens. The three areas that I have examined 
critically show different population densities. 

Antioch, A. p. pulchra. The area examined is 
roughly a half mile wide and extends along the south 
shore of the San Joaquin River for three miles, east 
of the city of Antioch, Contra Costa County. Within 
this area there are several foci of occurrence. The 
lizards were all taken from under boards, logs or 
other litter. Since the distribution of such cover is 
not uniform, the intensity of collecting effort was 
not uniform over the area, but concentrated in the 
region of such litter. In one area atop a small hill 
Seven lizards were taken within one hundred feet in 
one and one-half hours of search on February 11, 
1940. One lizard was found under some of the same 
cover on June 23, 1940. A total of 30 silvery limb- 
less lizards have been taken from these sand hills. 

Castroville, 4. p. pulchra-nigra intergrades. Two 


miles west of Castroville in the sand dunes paralleling 
Monterey Bay is a colony of intergradient limbless 
lizards. The majority of the collecting effort has been 
expended on an area approximately one hundred by 
two hundred feet, behind a fruit packing shed. The 
sand there was littered with many boards, timbers 
and logs. On March 23, 1940, six lizards were taken 
in twenty minutes. The lizards occur to the seaward 
also, where the dunes are devoid of logs and timbers. 
In the driftwood zone high on the beach lizards were 
found under the more landward of the driftwood 
piles. A total of 26 lizards was taken from the 
entire area which is about two hundred by five hun- 
dred feet. 

Second Islet off Point Pinos, A. p. nigra. This 
islet has been cut off from the mainland of Point 
Pinos by tidal action. The top is approximately one 
hundred feet square (Figs. 13, 14). Sixty-two liz- 





Fig. 14. Surface of the second islet off Point Pinos, 
Monterey County, California. Collection sites of black 
limbless lizards in March, 1940, are indicated by dots, 
in May, 1940, by triangles. Connected circles and tri- 
angles show the minimum distances traveled by indi- 
vidual lizards in two months. The rectangle locates the 
site of liberation of black and silvery limbless lizards 
in September. 1940 
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ards were found here between August, 1939, and 
May, 1940. The known population of nigra was 
forty-five individuals on September 11, 1940, when 
ten A. p. pulchra were liberated there. During 1939- 
40 there were at least sixty-two lizards on the island, 
or roughly one lizard to every 161 square feet. 

On March 19-21, twenty-eight lizards were found. 
Twenty-seven of these were marked and liberated at 
the exact spots of capture. On May 19-21 the same 
area was examined with the same intensity as in 
March. Of the twenty-seven lizards found in March 
only ten were found in May. In addition twenty- 
two lizards were taken which had not been found in 
March. The ten lizards had moved an average of 
8.67 feet (from 1.87 to 27.5 feet). The movements 
in two months indieate sedentary habits. 

The stations of ecolleetion of the limbless lizard 
indicate localized populations. In all probability the 
lizards oceur in these local areas and are not gén- 
erally distributed over their entire range. Some of 
these population areas in addition to those discussed 
above are: Cantua Creek, Fresno County (thirty 
miles southwest of Mendota); Claremont, Los An- 
geles County; San Diego, San Diego County; and 
the islands off Lower California—Los Coronados, 
Todos Santos, and San Geronimo (A. geronimensis). 





BARRIERS TO DISPERSAL 


As shown by the movements of the ten lizards 
mentioned, the rate of emigration is slow. They are 
constantly moving about, however, as burrow systems 
in the laboratory were constantly changed and indi- 
viduals were taken in the field from under the cover 
where specimens had been taken months before. 

The major limiting factor in distribution is mois- 


ture, both extremes preventing the extension of 
range. The San Joaquin delta region is as efficient 


a barrier as are the dry sands of the desert. The 


lizards penetrate as far as possible against these 
barriers to within a few feet of the water of the 


delta region and into the few oases at the edge of 
the deserts (Jacumba, Yaqui Well and La Puerta in 
San Diego County). 

The temperature of the ground is the second lim- 
iting factor. Temperatures over 40° C. are lethal 
for the lizards. Hot sands of the desert thus form 
a barrier. When the ground temperature was below 
12° C. in the laboratory, the lizards were not active. 
They were apparently uninjured by a temperature of 
4° C. for one day. However, prolonged low tem- 
peratures which are common in some regions form a 


barrier. This barrier is especially severe in high 
mountains where the ground is frozen for long 
periods. 


The soil conditions of the surface of the ground 
form the third factor. The lizards can penetrate 
firm soil of a sandy or loamy texture but not clay 
or adobe. The pressure required to force the head 


of a lizard through unconsolidated sand is less than 
10 grams, whereas compacted sand may require more 
The region of sand in 


than 2,000 grams pressure. 
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which lizards were found offered up to 1,000 grams 
resistance. Thus the more friable the soil, the easier 
it would be for the limbless lizard to burrow. 

The fourth limiting factor may be the vegetation 
of a given terrain. The oak-annual grass association 
and the lupine-stable dune association are both favor- 
able. The perennial grasses, such as Ammophila 
arenaria, may be a limiting factor because of the 
dense turf they establish. 

Agricultural practices may be mentioned here, not 
beeause they are a limiting factor to distribution, 
but because they are destructive to the population 
that is present. Farmers uncover the lizards while 
plowing near Antioch and along Monterey Bay. 


SUMMARY 


1. The family Anniellidae includes only the genus 
Anniella, which has been derived by specialization 
and degeneration from the Anguidae. The genus 
contains two species, Anniella geronimensis and An- 
niella pulchra. The later is now divided into the 
subspecies A. p. pulchra and A. p. nigra. 

2. The limbless lizards eat the larvae of inseets, 
small adult beetles and spiders. They feed on the 
surface of the ground or just below it, usually in the 
leafy litter under bushes. 

3. Anniella is ovoviviparous, the young being born 
in September, October or November. There are from 
one to four young produced at one time (an average 
of 1.7 embryos were taken from eight females). 

4. There are four age groups: young of the year, 
immature, subadult and breeding adult. These liz- 
ards are probably two or three years old before they 
breed. 

5. Before shedding, the black lizards become light 
blue. Eedysis follows this stage in two to six days, 
and is usually completed two or four days later. 
Moisture is essential to shedding. The blue pre- 
shedding color is evident only on the longitudinal 
stripes in the silvery lizards. 

6. Anniella is parasitized by a nematode (Oxyur- 
oidea: Thelandros) in the eolon, and a cestode (An- 
oplocephalinae: Oochoristica) in the stomach and 
intestine. No external parasites have been found. 

7. Locomotion is accomplished only by lateral un- 
dulations of the body. Progression is chiefly under- 
ground. 

8. The special senses which 
cially well developed are smell 
shows no phototropisms. 

9. These fossorial lizards are usually found in a 
temperate climate, in the Upper Sonoran and Transi- 
tion Life-zones. They usually occur in sand hills 
or in rolling country in fine-textured soils. Cover 
is essential and is usually in the form of bushes, 
leaf droppings beneath bushes, boards, or debris. 

10. The activity of Anniella is controlled by tem- 
perature. The optimum temperature is from 15° C. 
to 25° C. Below 13° C. the lizards are inactive, al- 
though they can stand a temperature of 4° C. Above 
40° C. is lethal. The lizards bask in the warm sand 
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during the day. They are active and feed in the 
afternoon and evening. 

11. Moisture is essential to the existence of An- 
niella. The optimum condition is dry sand overlying 
damp sand (of soil moisture from 2 to 8 per cent 
the total weight of the raw soil sample), where the 
lizards ean move freely from one to the other. Sat- 
urated soil is not habitually entered. 

12. The usual depth of habitation of the limbless 
lizard is from one to four inches. The animals will 
penetrate as deep as the moisture and the compact-. 
ness of the earth will permit, however. 

13. Anniella is closely dependent on plant asso- 
ciates. Vegetation provides cover, retains moisture 
near the surface of the ground and directly or indi- 
rectly supports the soil fauna on which the lizards 
feed. 

14. The limbless lizards apparently oecur in loeal- 
ized areas. They are sedentary, the individuals not 
moving far (from 1.8 to 27.5 feet for ten lizards in 
two months time). 

15. Moisture is a major factor limiting their dis- 
tribution. Other factors are temperature, soil tex- 
tures, vegetation and agricultural practices. 
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ECOLOGICAL STUDIES OF THE PAUROPODA 
OF THE DUKE FOREST 


INTRODUCTION 


The Pauropoda, which constitute a class of micro- 
scople progoneates (Pocock 1893), are distinguished 
from other “myriapods” by the presence of branched 
antennae, eleven body segments, and nine pairs of 
legs in the adult (excepting Decapauropus which 
has 12 body segments and ten pairs of legs, Remy 
1931). 

The small size of these interesting creatures has 
undoubtedly concealed their presence, so that many 
zoologists do not them to be 
Some, however, believe them to be rather generally 
distributed with the exception of the arctic, antaretic, 
and desert regions. Wherever found, they inhabit 
dark, slightly damp niches; under decaying logs; 
under stones and lumps of clay (Hansen 1902, Hil- 
ton 1928, 1930); among leaf litter, and in the soil 
itself. Their habitat seems to indicate that they are 
of the same economic importance as is credited to 
the other “myriapods,’ that of transforming the 
litter into soil, although little is known about their 
feeding habits. 


consider common. 


Numerous but seattered ecological data are re- 
corded in literature relative to classes Chilopoda, 
Diplopoda, and Symphyla, but such information is 
extremely scanty with respect to the Pauropoda. The 
present paper attempts to develop an understanding 
of some of the interacting forees which result in 
communities of Pauropoda; to extend their geograph- 
ical range, and to bring together the literature per- 
taining to these minute animals. 

At least three of the six known families of Pauro- 
poda are represented in the Duke Forest. As a result 
of this investigation, five new species (Starling 
1943), and one established species are reported as 
follows: 

Pauropodidae 

Pauropus carolinensis Starling, 1943 
Pauropus dukensis Starling, 1943 
Pauropus causeyae Starling, 1943 
Stylopauropus n. sp. Starling, 1943 

Brachypauropodidae 

Brachypauropus pearsei Starling, 1943 
Kurypauropodidae 
Eurypauropus spinosus Ryder, 1879 

The procedure in this problem of investigating the 
ecology of the pauropods of the Duke Forest in- 
volved: (1) a quadrat study of soil samples to 
show; number, vertical and horizontal distribution 
of pauropods with respect to temperature, ioniza- 
tion, moisture, soil, and cover types; (2) collections 
from various localities of the Forest to determine the 
species present; (3) periodie observations of speci- 
mens in constant temperature cabinets to determ’ne 


optimum and extreme temperatures and their effects 
on activity; (4) studies on the life history, habits, 
and behavior of the most common pauropod in the 
Duke Forest, Pauropus carolinensis Starling. 

The Duke Forest is dissected hy numerous streams, 
and since the topography is slightly rolling, the sur- 
face water drains from the uplands rapidly, with 
the exception of a few poorly drained flats (Kor- 
stian & Maughan 1935). The elevations in the for- 
est range from 280 to 650 feet above sea level. The 
air temperatures from an annual average 
minimum of approximately 48° F. to an annual, 
average maximum temperature of approximately 
71° F., and seldom fall below zero (Gray 1941). 
Severe weather lasts only a few days at a time and 
the soil seldom freezes to more than a few inches in 
depth. Periods of drought often oceur that last for 
as long as a month and a half. Table 1 gives the 
mean monthly temperatures and precipitation for 
Durham, N. C., for the specific months during which 
the material for this study was collected. 

The author wishes to express his sincere apprecia- 
tion to Dr. A. S. Pearse, who suggested and directed 
this study; to Dr. Nelle Bevel Causey, who identified 
the chilopods and diplopods; to Dr. A. E. Michel- 
backer, who is identifying the symphylans; to Dr. 
T. S. Coile, who offered valuable suggestions and 
criticisms; and to the Duke University Zoology Staff, 
each of whom contributed advice and inspiration. 


METHODS 


PoPULATION STUDIES 


range 


Various methods which have been employed in the 
study of microorganism populations have been re- 
ported by Tullgren (1918), Waksman (1927), Borne- 
bush (1930), Tragardh (1933), and Jaeot (1936). 
No single work has previously reported on the study 
of pauropod populations. 


TABLE 1. Air temperature and precipitation in the 
Duke Forest, 1940-41. 
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Temperature of air, litter, and soil; date; and time of day as recorded for visits to each station. 





STATION 


Station 1 
Temperature (°C) | 











Temperature (°C) 











Time 3 | ‘gs |Time| 
of ~ R RL of be 
Day| , | = x, | % | Day a ge = 
1940 | | 
November 17.....|12:40/12 | 9 | 6 | 5 |12:10/13 |10 | 
November 21.....| 4:45/18 |14 |10 | 9 3:00:19 (14 
December 3..... 2 :30) 5 5 6 6 (12:20; 4 | 6 
December 8.. 11 :00) 8 5 5.5) 5.5) 9:45) 6 5 
1941 
January - aes 3:45) 4 | 5 | 6.5) 6.5) 2:00) 3 | 4.5) 
February 9...../11:15/-2 | 2 | 4 | 5 |10:15|-2 | 2 
February 16..... 11 :40| 4 4 | 5.5) 5.510215) 3 | 5 
March 2. 11:00)10 | 3 |-3 | 3 | 9:45) 4 | 4 
April 23.....{11:00)13 |12 {12 |12 | 900/13 /|12 
May | 9:15)23 |17 {15 {15 |10:15)23 |16 
June 30.. 12:00/30 (23 |22 (21 |10:00/27 (23 
July ee 12 :00)25.5/23.5/20.5/20 [10 :15/25.5/23 
August oe 12 :30)29 (24 |22.5/21.5/11 :45/28.5)23.5 
September 30... . ./10 :30/19.5/19 [19 |19 | 9:00/18 {18.5 
October 31.....| 4:15/22 /18.5)16 {16 | 3:45/23 {19 
November 22...../11 :15| 9.5)10.5)11.5/11.5/10 :20) 7 | 8 
November 28..... 11:20)18 {11 /|10 | 9 | 9:45)11 | 9 
December 22.....| 4:00)10 | 8 | 8 | 7 | 200/10 | 9 
1942 | 
January ee 12:00/-3 | 3.5) 6 | 7.5) 9:45\4 | 3 
January 13..... 4:00/10.5,7 | 5 | 5 | 3:30)11 | 7 
| | 





2 StTaTIONn 4 


STATION 3 


Temperature (°C) 


Temperature (°C) 






































‘a | ‘3 |Time | ‘a | 3S |Time | a | 
a | A | of . | 2 | 2] of . | | A 
% | % |Day) . |S] a | |Dy| 2 | Sle |e 
= | 0 aliola|oa | a a Oe 
| | 
8 |7 (110012 |8 |7 |5 j11:40112 |9 17 |5 
11 | 9 | 3:4519 [15 | 9 | 8 | 3:30/19 [14 |11 [10 
16 17 |11:30)5 (5-17 |7 |114515 17 17 | 7 
6 | 7 |10:35)8 | 6 | 5.5) 5.5/11:208 [5 | 5 | 5.5 
5 |7 |2:3014 |5 15 15 | 3:15) 4 | 6 | 5.5] 5.5 
5 |5 |9:30-3 |0 |3 |3 | 8:45/-3 |1 14 15 
5.56 | 9:45)9 | 4 15 | 4 | 9:20) 2.5] 3.5,5 | 5 
4 |4 /10:15)6 | 4 | 4 | 4 [1040/10 | 4 | 4 | 4 
12 12 | 9:45)13 |12 [12 /12 |10:30)13 [12 |12 [12 
15 |15 {1100/24 [18 [15 [15 |11:45/24 |17 [15 [15 
21 |20 |11:00/29 [23 [22 |22 |11:30/30 |25 |23 |22 
20.5/20 {10 :45/26 [23.5/21 |20.5/11 :25/25.5/23 |21 20 
22 |21.5/10:20|27 23.522 |21 |11:00/27 |23.5/22 |21 
19 |19 | 9:45/18.5/18.5/19.5/19.5)10 :15|19 |19 |19.5)19.5 
16 |15.5) 2 :30/23.5}20.5/17 |17 | 3:00/23.5/19 |17 |16 
10 12 | 9:30/5 | 8 |10 |11 |10:00|7 | 9 |10 {10 
8.5} 8.5/10:15/17 10 | 9.5) 9.5/10:45/18 |11 |10 [10 
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| | 
6 | 7.5/10:15|-3 | 4 | 6 | 7.5/11:10/-3 | 4 | 6 | 7.5 
5.5) 5 | 2:20113 | 7 | 5 | 4.5) 300113 | 6.5) 5 | 4.5 
| | 








The following description embodies the procedure 
used in the present investigation. Four stations, each 
one hundred yards square and subdivided into one 
hundred equal plots (Fig. 1) were staked off in suit- 
able localities in the Durham Division of the Duke 
Forest. The principal overstory of trees in two of 
the stations was pine; in the other two stations it 
was oak. Each station is shown in Figures 2a, 2b, 
3a, 3b and may be characterized as follows: 


Station 1 and 2. 

Ninety-five-year-old short-leaf pine (Pinus echinata 
Miller) stand; sandy soil; litter mainly of pine 
needles with scattered oak and dogwood leaves; Ao 
was 2-3 in. thick with L layer approximately 0.75 in. 
thick, F layer 1.5 in. thick, and H layer 0.25 in. thick; 
A: was 2-2.5 in. thick with light grayish and friable 
soil well filtered with organic material. 


Station 3 and 4. 

Uneven aged hardwood with oak (Quercus alba 
Linnaeus, Quercus borealis maxima Ashe, Quercus 
velutina La Moreh) predominating; clay loam; litter 
principally of oak and dogwood leaves; Ao was 1-2 
in. thick with L layer approximately 0.5 in. thick, F 
layer 1 in. thick, and H layer 0.5 in. thick; A: was 
1-2 in. thick with relatively little organic matter. 

To obtain quantitative estimates of pauropod pop- 
ulations within given localities, the animals were 
extracted from measured volumes of soil samples. 
Random samples were obtained from as near the 
center of each plot as could be approximated. Three 


samples (A, B, and C) were taken from the same 
corresponding plot of each station during a period 
of from three to four hours. The first (A) consisted 
of litter and humus scraped from a square foot area; 
the second (B) consisted of soil taken from one and 
two inches in depth; and the third (C), of soil from 
three, four, and five inches in depth. Samples were 
obtained from the same vertical plane. To secure a 
soil sample a galvanized iron eylinder (Figs. 4, 5) 
five inches in diameter (two inches in depth for 
sample B, three inches in depth for sample C) was 
capped and pressed into the soil. The steel cap is 
shown in Figure 9. The soil was seraped from one 
side of the cylinder and the cutting edge of a tin 
tray (8.5 in. square, Fig. 7) was inserted under the 
lower edge until the cylinder rested entirely on the 
tray. The sample could then be easily removed to 
the laboratory. 

The air temperature at about a foot above the 
ground and the soil temperature for each level where 
samples were recorded at the time each sample was 
taken. Table 3 gives the actual air and soil temper- 
atures recorded for each field trip and each sample 
taken from Duke Forest. In addition, the hydrogen- 
ion concentration was recorded with a Hellige soil 
tester. Samples of soil from each level were taken 
to the laboratory in tightly closed can (Fig. 6) and 
dried at a temperature of 95° C. in order to deter- 
mine the moisture content. 

The apparatus used in extracting the pauropods, 
as well as numerous other microorganisms, from soil 
samples was modelled on that of Jacot (1936) (Fig. 
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1 45 72 20 100 85 6 38 50 26 
s * * * 
1 64 37 ro a9 3 88 92 18 75 | 
10 47 82 31 69 42 8 44 96 54 
* * 
32 5 8 18 58 23 66 76 28 74 
e 
nN 95 40 59 13 84 24 61 78 34 
* e 
29 3 22 83 36 ? 55 98 67 35 
a ® 
14 60 4 68 91 57 6 70 16 39 
@ . 
94 77 21. 97 30 89 62 52 12 65 
51 48 15 99 80 41 86 17 81 53 
a 
71 43 19 33 2 73 46 93 79 56 
* 
= 
Fig. 1. Diagram of a station (100 ft. square) with a (each 10 ft. square). The circles indicate plots from 


which samples were taken. 


10). The principle involved is that of driving the 


the funnels gently at intervals seemed to accelerate the 








animals downward by the application of light, heat, 
and desiccation. A battery of twelve funnels, each 
equipped with sieves, was used during the experi- 
ments. A gooseneck lamp, with a 60-watt bulb, for 
each funnel produced a sufficient amount of light 
and heat. Temperatures in the funnels never rose 


above 40° C. 

Most of the pauropods along with the other ani- 
mals left the samples within a period of 24 hours 
after soil or litter was placed in a funnel. Some, 
however, lingered as long as three days. Tapping 


dropping down of animals. The funnels concentrated 
catches, which were directed into small vials of 70 
percent alcohol and later sorted. Animals were driven 
from 240 samples of litter and soil. 

To obtain specimens alive the same apparatus was 
used; the animals were allowed to fall into a wateh- 
glass of water instead of aleohol. As the surface 
tension of the water was great enough to support 
these minute pauropods, they were easily picked 
from the surface with a brush or a needle, prefer- 
ably the latter. 
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A 


; ; Se . : ee eed rrowi in s% y soil. 
Fig, 2. Short-leaf pine stands, approximately ninety-five years old, growing in sandy 
Station 2. 


TEMPERATURE TOLERATIONS 


A constant temperature apparatus (Fig. 11) used 
for experiments consisted of six individual cabinets, 
each capable of temperatures varying from approxi- 
mately 42° C. to —30° C. with a fluctuation of not 
more than a +0.5° C. 

Fifty specimens, ten to each of five stender dishes 
were placed in each of the six cabinets for a period 
of thirty days. The temperature of the eabinets 
ranged from 12° to 33° C. Later a seeond series of 
temperatures (8 to —12° C.) were maintained for 
30 days. This time only twenty specimens were used 
in each cabinet. 


REARING DISHES 


The rearing dishes (Fig. 8), also used for storage 
dishes, were modifications of those dev’sed by Michel- 
backer (1938) and were made by pouring “muck 
plates” (10 parts plaster of Paris, 3 parts soil, and 
1 part bone black) into stender dishes to a depth of 
about 4 of an inch. Before setting took place a 


A, Station 1; B, 


glass tube slightly shorter than the depth of the 
dish and plugged with bits of cheese cloth was 
placed, standing vertically, in the muck. The cheese 
cloth was kept saturated with distilled water to 
keep the animals moist. Bits of deeaying leaves 
were added from time to time and appeared to serve 
as a source of food. The surface of the plate was 
dampened with 1-100 parts of eopper sulfate solu- 
tion to prevent an excess growth of molds. The 
bone black offered a dark background on which the 
animals, eggs, and molted skins were easily visible. 
Since in some eases pauropods were kept alive for 
as long as seven months, conditions in the dishes 
must have been favorable. 


MounNTING 


Only specimens that were collected alive were used 
for mounts. To preserve these animals in an extended 
position a speeimen was first dropped into a rather 
strong, caustic solution and boiled for at least two 
minutes. After a thorough washing in water 4 
speemen was drawn into a pipette, placed on 2 
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B 


Fic. 3. Uneven aged oak stands, growing in clay soil. A, Station 3; B, Station 4. 


slide, and the adhering water absorbed away. A 
drop of lactic acid was then added and allowed to 
penetrate the skeleton. When all of this was ab- 
sorbed away from around the spee:men a drop of a 
modification of Berlese’s clearing and mounting me- 
dium was added and a cover glass applied. Fuschin 
and eos'n were used at times but unstained mounts 
proved more satisfactory. The proportions of the 
constituents of the mounting medium used were as 
follows: 


Gum arabic, white erystals..... 12 gr. 
Chloral hydrate............. 20 gr. 
Distilled water... .. : 20 ee. 
Glycerine, cone .... . 6 ee. 


Microscopic ExAMINATION 


A binocular microscope was used in examining 
living material. A strong light was needed to prop- 
erly illuminate the animals. A satisfactory type of 
light was given by Spencer’s Universal microscope 
lamp (6.5 v., 1.7 amp.) whieh tended to foeus the 
light on the desired area. A microscope was always 


used in examining mounted material. All drawings 
were made with the aid of a camera lucida. 


OBSERVATIONS AND RESULTS 


BEHAVIOR 


Cultures in rearing dishes were valuable in that 
they afforded an opportunity to observe some of the 
habits of the pauropods under laboratory conditions. 
These small “myriapods” are without doubt nega- 
tively phototropie (Verhoeff 1934); such responses 
are seemingly less strongly developed in Eurypau- 
ropus spinosus and Brachypauropus pearsei than in 
any Pauropodidae observed. In other words, those 
species were not nearly so eager to find a dark erev- 
ice in which to hide. 

There is likewise developed among the pauropods 
a positive response to moisture. This hydrotropic 
response seems to be positive only in approaching 
optimum conditions. In supraoptimum conditions, 
animals seek drier levels. When the rearing dishes. 
were allowed to “dry out” somewhat, animals dis- 
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Fig. 4. Galvanized iron cylinder (5 in. in diameter 
and 2 in. in depth), with which sample B was secured 
from the soil. 

Fic. 5. Galvanized iron cylinder (5 in. in diameter 
and 3 in. in depth), with which sample C was secured 
from the soil. 

Fic. 6. Can used in obtaining samples of soil to de- 
termine its moisture percentage of oven-dry weight. 

Fig. 7. 
under the cylinders to 
ground. 

Fig. 8. 

Fic. 9. Steel cap used to cover the cylinders as they 
were driven into the soil. 


Tin tray (8.5 in. square), which was inserted 
remove the sample from the 


A rearing dish. 


appeared into crevices at lower depths. However, 
as soon as a few drops of water were added to a 


plate, pauropods immediately reappeared on the sur- 


face and traveled toward moistened areas. If a plate 


Fig. 11. 


Ecological Monographs 
Vol. 14, No. 3 


Fig. 10. Battery of funnels used in extracting pauro- 
pods from soil samples. 


were saturated with water, animals would retreat to 
higher and drier levels and even climb the sides of a 
glass dish. 

It was observed in the forest that during droughts 
pauropods were concentrated in sunken areas, the 
moisture of which was conserved by a deep layer of 
litter, whereas in unprotected areas they appeared 
to be nearly or wholly absent. This seemed to indi- 
eate that as the areas dried out the animals were 
forced to migrate to more favorable places and 
finally resulted in coneentrations in only areas that 
were moist enough for them to survive. During ex- 
tremely wet seasons, specimens were rare. 

Records indicate that the favorite haunts of pauro- 
pods are under stones, moss, clay, and in aceumula- 
tions of decomposing organic material in wooded 


Constant temperature apparatus with six cabinets. 
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areas where there is sufficient moisture (Lubbocx 
1866, Ryder 1879, Latzel 1880-84, Kenyon 1895, 
Hansen 1902, Harrison 1914, Hilton 1929-34, Remy 
1930-40, Verhoeff 1934, Bagnall 1909-35). One spe- 
cies is recorded as inhabiting sub-littoral regions 
(Bagnall 1935, Remy 1935). 

Responses to contact stimuli may be various. When 
Pauropus carolinensis was touched gently with a dis- 
secting needle, the stimulus being applied to either 
the long sensory bristles or to the trunk, the animal 
usually darted forward. If the animal was con- 
tinuously agitated, its body, legs and antennae would 
become rigid in much the same manner as an opos- 
sum feigns death. 

If air is foreed from a dropper in the direction 
of a pauropod, it may dart forward or it may crouch 
in a position such that its body is telescoped to about 
one-half its normal length and remain shortened until 
the stimulus is removed or sometimes for even a 
longer time. 

Another type of behavior often observed among 
the Pauropodidae studied was that of cleaning an- 
tennae and feet (Lubbock 1866, Harrison 1914). 
Harrison has vividly described the process: “They 
spend a great deal of their time cleaning their ap- 
pendages, commencing with the antennae, which are 
hauled down by the vigorous curling of the cor- 
responding first leg about them, and drawn rapidly 
across the mouth; and proceeding on to each pair of 
legs in turn, the limb being systematically washed 
from coxa to tarsus. The attitude assumed, in clean- 
ing the extended hinder limbs is amusingly remi- 
niscent of the same process in the domestic eat.” 

Another characteristic habit often observed among 
Pauropus carolinensis is that in which the animal al- 
lows its body weight to be supported by the posterior 
three or four pairs of legs, with the head and an- 
terior portion of the body elevated for observation. 
The behavior is of great assistance to the collector 
since the animals in this elevated position are more 
easily distinguished from the other animals that 
might be present on a water surface. Also a needle 
can easily be inserted beneath them and the pauro- 
pods readily attach themselves to it. 

When Eurypauropus spinosus is slightly stimu- 
lated with a dissecting needle, the animal may hasten 
along (not dart) or it may settle down to the sur- 
face of a plate. It is protected by its strongly 
chitinized terga. If the animal is forced on its side, 
its legs and antennae become rigid and it feigns 
death (Ryder 1878). 

Brachypauropus pearsei seems to detect an ap- 
proaching needle, since even before the instrument 
touches either the long sensory bristles or the trunk, 
the animal tilts its terga in the direction of the on- 
coming stimulus, and settles close to the substrate. 
Like the others, this species “plays ’possum.” It 
reacts to air blown in its direction in a similar fash- 
ion as does Pauropus carolinensis 





As has been pointed out (Latzel 1884), pauropods 
mav he divided into two groups on the basis of their 
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locomotion, the quick and the slow types. Of the 
three families under observation during this study, 
,auropodidae would be included in the former, 
whereas Eurypaurodidae and Brachypauropodidae 
would be considered slow. 

The lateral structures of the leg claw deserve men- 
tion because they constitute the adhesive apparatus 
by which the animals are able to move up a vertical 
glass surface (Verhoeff 1934). Such behavior was 
observed only among the Pauropodidae. 

Both the slow and quick types appear to be gre- 
garious (Harrison 1914). In rearing dishes several 
pauropods could be found congregated under a twig 
or a leaf. Furthermore, in the forest, when condi- 
tions appeared to be favorable in almost any situa- 
tion, animals seem to be in groups since a funnel 
would yield perhaps a hundred or more specimens 
from one sample; whereas another sample taken sev- 
eral feet away would contain none. Possibly the ani- 
mals were seeking optimum conditions since not one 
time were animals observed showing any concern 
over the presence or absence of another of its kind. 
Though on several occasions Pauropus carolinensis 
was observed avoiding a pseudoscorpion or a mite. 

The rhythmical movements of a pauropod’s an- 
tennae immediately attract the attention of an ob- 
server. When an animal is in motion the antennae 
move simultaneously from one side to the other. But 
when it comes to rest, each antenna begins working 
alternately, and instead of the side to side motion, 
first one then the other is thrown anteriorly. While 
an animal appears to be feeding the antennae are 
not in motion; the peduncle of each rests on the lat- 
eral surface of the head and points postero-laterally. 

Schmidt (1895) suggested, relative to the breeding 
habits of the pauropods, that a “true coitus” must 
exist and most likely the penes are inserted directly 
into the somewhat expanded open‘ng of the oviduct, 
so that the sperm could fertilize the eggs upon their 
exit. This copulation process has not been actually 
observed. Parental care by a female has been re- 
corded (Harrison 1914). She is known to guard her 
eggs until they hatch; thereafter, the young care for 
themselves. 


Foop Hasits 


Little is known concerning the food of pauropods. 
Speculations suggest that the slowly moving species 
feed on decaying plant and animal material, whereas 
the agile types probably consume microscopic animals 
(Latzel 1884). Verhoeff (1934) found a species of 
Pauropus feeding on dead dipterans floating on a 
puddle. Harrison (1914) has no doubt that pauro- 
pods are humus feeders as he watched them “brows- 
ing” on particles of soil on which nothing in the way 
of food could be distinguished. The writer has seen 
Pauropus carolinensis eat myeeli of molds that grew 
on decaying leaf particles. But in no instance did 
they appear to feed on dead animal material (Col- 
lembola, diptera, other pauropods) which was placed 
at their disposal. 
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POPULATIONS 


No previous records relative to Pauropoda indi- 
cate anything of a nature of population studies, but 
rather merely signify the presence or absence of a 
species in a locality. The methods of approach in 
the writer’s studies is unique, in that quadrat studies 
and funnel collections have not been extensively used 
in “myriapod” population studies. It is interesting 
to note that of faunal surveys in which the proceedure 
has been employed quite frequently, only one (Jacot 
1935) speaks of the presence of pauropods. Con- 
sidering their small size and the large number of 
other animals a funnel yields, it is quite possible, 
however, that they were overlooked, if present; or 
mistaken for the larvae of other types of animals. 


In interpreting the data which follow it must be 
remembered (1) that since the forest stands were 
on different soil types, no specific correlations ean 
be suggested with respect to either one of these two 
factors; (2) that a study of this type to be all con- 
clusive should be based on samples taken over a 
period of several years; (3) that possibly the num- 
ber of animals per unit volume is a basis from which 
the relative function of the species may be determined. 


Tables 3, 4, 5, and 6 indicate the number and spe- 
cies of Chilopoda and Diplopoda; the number and 
families of Pauropoda; and the number of Symphyla 
collected during the writer’s study. 


TABLE 3. The number and species of Chilopoda and 
Diplopoda; the number and families of Pauropoda; and 
the number of Symphyla collected from sixty samples 
of soil from Station 1; a pine stand on sandy loam. 
November 17, 1940 to January 13, 1942. 


Myriapods in A, Horizon 


Chilopoda 


IO GUNIOUIND occ. a on discos ccneuemsedes 1 
BS, BOOTLE LEE A re 2 
I yogi, Wiens Kor Gyold a qnore a wave kore 1 
NIE i axerbialin a Soni dc bide be Hiaa -ea ee SEEN 2 
Gnathomerium unbraticum ............000 eee 2 
PEE EP EE rer 1 
RUE CUMINEUIOD) ooo 6c ccccawcdcmeoeaaese 4 
Sea ora acu cheranar Store aielava wre aunts orn 7 
CSO CCL COCR CO TOTO 2 
I I a a's wig laquc a einrne en eeains 4 
SE rT ey pccte wie andere 2 
Otooryptops SEZESPINOSUS .. 2... cc cccccccsences 5 
Paechymerium ferrugimeum .....cccccccccccsece 1 
Boolopooryptops Migridus .....2.ccccccccccsace 3 
NN CUNIIN o  Bar 4% 0b dsrol Wigs 4 aw dime OO Wore 2 

PE aiai-e asa Gig Nass xh a % Wo caw Mara re Dow ear 39 

Diplopoda 

PCT OEP eET TCT CO Te 2 
FPOTGSUIGA PCMNEMIUAMIOUR 2.2.00 oc ccc cncveceees 7 
ee area 222 
I oe Sac aha Wai 's Sw aieir ee muewe 1 


EEE ia s waa Ciein @.kerae i'e kh wmaees eee 
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Pauropoda 
RINNE! 5505.0’ 0, 4) v pcaiencceu bares aeiere Hine 2 
END 655 0 Lwin cise ete aed Ce eteediog 7 


Pauropodidae 


IIE Sa a sags aveaosane Cala ere ale a oe 20 


Myriapods in 1-2” Soil 


Chilopoda 
MTOUBDUEE GHOMEGNE oo ic i cece ciecerwticces 7 
Ce ee ee 3 
aI IN oe 6 5.5 cash wig sa elace.teert iba Goran 
RUE RIUONO) oo siccnisciecescweeesie cleans 2 
PT ONIIIID, o66. 55 ow c'0's tin bud be Be Sew eae : 1 
INI WUNIIIINE o5r Sitar cigs, Goes due acutclleteinmlesomua ata ae 1 
NE iid c's Weis al oa Nieto ee aleleeres wider 15 
Diplopoda 
PQTGFUUS PEMNSYIUGRICUS 2... ccccccccccsecece 2 
POUMMORED TOOUIOMINUEE oo sicice cae seessisccowens 26 
DI wi cos'giicins ater wal ohelatie, che ate a nasi Aue a kale 28 
Pauropoda 
NEI <5 5 S56 cole ogres marl ssid 'siaa'e ea iep cers 110 
NI os oh ocerais ie, scinieivibernin-e ¢ Slnwiaiein Aelew emted.e @ales 17 
Myriapods in 3-5” Soil 
Chilopoda 
PUURRNE WORNNGOE 6ook co 56's vce ticennnge ends 10 
I NONE. oi raise vn salccmeneemcnemes ans 1 
IN UII ar b.o 6 505. ei bil eres dvielaia-areinm wees 1 
Gnathomerium umbraticum ........00e eee eee eee ] 
NINN PUNIINI 65gsseriava. arcs iad cusisich; 4 4 Wb eo oa ee I le ae 1 
OO, dinar iccrmmd ceecininy cores wenwmaenete 1 
DENN WINGED 6 6. cc ccnncecsctissucemewes 1 
RNIN a irviigincdct\ealele ate mere eaiwinin Oaneeree men 16 
Diplopoda 
Polyxenus fasciculatus ......... Sao dle oan: Sate 10 
-auropoda 
UIE 55.0) orevniinia crviecinleiimarsio' oe sip esaioteneiens 58 
RNR. Saale aia set Xo ap peieracar ae cadena eran ocneterate 11 


TABLE 4. The number and species of Chilopoda and 
Diplopoda; the number and families of Pauropoda; and 
the number of Symphyla collected from sixty samples 
of soil from Station 2; a pine stand on sandy loam. 
November 17, 1940 to January 13, 1942. 


Myriapods in A, Horizon 


Chilopoda 

NINN) ag, oe ie anata thn vio Sx srerqiore ere Beemer 1 
Gnathomerium umbraticum .........0. 02 ceeeeee 1 
one) Tae PPT re 6 
NWampadins MaCeGhor ........ccccvccscvccscces 3 
eee eee eer 1 
RT ra csc hale io mstiieral qa: 4 sins «foie: booneceonar es 1 
Scolopocryptops Nigridus ...... es cccccccecce 3 
MOURNE OIE oso ao 8k nia 5 6 cincnaicienacesnicmmes 2 
SE IIIS aries wh korn nti nceic ward acaresiws 1 

MI fia ice Siiaiay eat hicks 0 ol ss eb a atlas todas dome eae 19 
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Diplopoda 
Apheloria I 55 secs odw a. cn ge) bewslei Naw BN REAR 2 
PEE, SIND ono nG 0s 0 Sosa cater deme 13 
POUSTONUS: FASOTOMIAENE 6.5.55 ioc cr cee seins vee 105 
a Re to eae ee Pa ere 120 

Pauropoda 
PaurTOpOdidae .....ccccsevescveccccssssceesecs 48 
Symphyla ...... cece cece cece cece cece rene eeeees 13 


Myriapods in 1-2” Soil 





Chilopods 
DOHORRENG. DRTMONGND: a. 06.0'9:6 cise vena wens. ysis § 
RO CMMBRUIEG) oocccc se cece cdinedesswemies 1 
UR 90:4: 4:9;4 410 igh Baw Sreie rere saa aoe or 6 
Diplopods 
POCONUE. TOROOMEROUE 55658 5 Kearse eies's eOeew eee ne 16 
Pauropoda 
MERI 2 br srs tsscresnce are ein ie siareateibin ap aie seal eiees 91 
ere eee ee eT eee eee ee 9 
Myriapods in 3-5” Soil 
Chilopods 
ATOMGPNUUS WOEGINGES 060.0 6.66 ses cccesececnsesicis 7 
NE NIN 5 ore-a5 canoe < esi tics aad wegen SIO 1 
INE IONE ive sik ccviescaorle na Ges eea onlees 1 
UE hist aeatacal alo acs ep aio belie aor 9 
Diplopoda 
erasures (SUNEREO) oes cscinmscieseeacene es 
POULORUS TASCWOWIUNS 6... eis ce scircrcecececs 2 
IO «0 a.a,.v5aie a 6 i 4g Waruse- wir aie aS ERE 3 
Pauropoda 
UNIO Go ons vinisvicternig: wins are oie aes Sivieg wees 42 
WMNENEID. 5:65 crts-o A cacecgent oe. oivin sie aS aiol o nige oe sev sla eae 16 


TABLE 5. The number and species of Chilopoda and 
Diplopoda; the number and families of Pauropoda; 
and the number of Symphyla collected from sixty sam- 
ples of soil from Station 3; an oak stand on clay loam. 
November 17, 1940 to January 13, 1942. 


Myriapods in A, Horizon 


Chilopoda 
Gnathomerium umbraticum ...........cccccceee 1 
PUNE i. 5.dso:05ses vee ww conn stenee Sas 11 
DMUOONE CUMBMUETO) © soc. osiccaesiecdcsdcesaees + 
NT FUN 5 0, w-cs6 gigs'eroi.e autre iaaigr sl Sebi axuralelans 1 
MOOUTROUINS MOTEET ...cccccvcccecscccnsvcsce 1 
PUOCTYPIOPS SELEPINOBUS 2... occ csccssccevess 1 
OM MENS 65.5. o\5;4.0.aiv 4: Wor aiaieiointiessle 9 wes eaisieans 1 
OCONEE MEMNOUUIR 6 5.5 a5: :0: is: piare sinle tocletawaiesi sian 1 
SPUN OUNNONNNDR 554 <o, 5 eric cielo ghailesauste-0 (aro siaveis)@/0u 1 
ee OE en ee 1 
NIE Fo nisk cic cine piearoies wscpewreRoierele-pies 1 
NT MERINIS 550 coin gyases sents wae ate Seaver 1 
MONIOR Gi6¥ cies Ships vedi ks Whar cei ec woh a ea aa a shane ohare 25 

Diplopoda 
IMMA 2 5 o'.<'s Kiso addueacntaenciee 4 
DORIS GMMAlUIE): «0.606 c ccs cdecis ccc sees 1 
a re 72 
PUNE arches Stes tie a Bact lic wasoiveck ale. Woratarm areal 77 





Pauropoda 
BPGCHYPAUTODOGIERE ...5 .0.5c ced cc citince ce cwe cep 3 
Eurypauropoddidae .........csccccccccccescees 5 
Do. 5.05, 4100s s(n 5: cia'e Sb nie nd whee Be-sieierss 87 
| RAE SON SO arr yee Tae Te 95 
OPI 5.5, 5:055: 3 oi0ie cs 000 wiv-o: sie Scie siecle 840s eM sais 41 
Myriapods in 1-2” Soil 
Chilopoda 
AVORODRAUS WATERING occ c.cctedc cee wesw se 
Gnathomerium umbraticum .......6.0 cece ee eee 2 
LithoDiid (imMMACUTE) 2... 0. cvcccieccecresceesic 1 
Pachymerium ferruginewm ......cccvcsscccvees 1 
WED o56as. ic ateh eaeiewauleuivsaaeee 8 
Diplopoda 
CE COPUNNOUD oo.0is 0.0.0 660 aerials neceneeacuanws 2 
Polyxoniuimn: Uivit@OtwMy <<...6.cccsccesoe seccieees 1 
POIRECRRE TROOUTOIND 6.6.6.6 sic cactacdcs tercwns 23 
MR, eae acne Ra's chiens nie ee ES Se eIa 26 
Pauropoda 
PROTOPOGIGRO oo 600.0060 606c teed eieegtaee eeiee eee 109 
SVMIDBGNA «ois vives ceeveecwvecwveeiee evinces aes 63 
Myriapods in 3-5” Soil 
Chilopoda 
ATEROPRUUS WATGINGUS 2.05 cesrssccccevvcceveee 1 
Gnathomerium umbraticum ......66. cee eee eeee 1 
EGU Gs CAMEREMEO) 55:04:46. 0\0-<\0'0:6. 8 eae sie ee oe 1 
BONE, sexo fave ete atdia-arurachei tials ep deep o ees 3 
Pauropoda 
SPU GRUD 5 oe 0)9,0, 5 e16)e:9:5 470! ee. sate) die wieiow el eieiwiores 34 
Cg ee ee ee een ee 25 


TABLE 6, The number and species of Chilopoda and 
Diplopoda; the number and families of Pauropoda; and 
the number of Symphyla collected from sixty samples 
of soil from Station 4; an oak stand on clay loam. 
November 17, 1940 to January 13, 1942. 


Myriapods in A, Horizon 





Chilopoda 

FT eee ee eee 3 
sp pam ithn rp Scorn poeye ane ON eee 2 
NaN Na ofan: 5k 1g oyeve vos arn 10l aor a1 ore Sala idle iarai ose 2 
Gnathomerium umbraticum ......... 060 cee eee ee 1 
ee OTD oi 6iko ho be se5'gs ce sree oriole 1 
RANE IBS 551 lores, aio arena 9's Sts sin elie ee ken ain eS § 
Nampabius mycophor .........ccccccsscsccess 1 
OCOCTHYDTOME SETAPINOEUE ....0:6 26s ccsccocescovess 1 
Pachymerium ferrugineum .......cccccccescecs 1 
BEPTGDING DULOTNOTINE o.oo. os sinc 0 0is tas Hoe mie ae 2 
I III ooo doe: 4 .dut bare. pen aoe Garey aia ees 1 
NE: SURI San: 5 aro rers aid eso ere hue eiene eeeSRIaNe a 

PN 5555-5 'h santo a cians nea ee Aree 22 

Diplopoda 

ONIN ai is.0 Sars a0 ana wine 3. aca etaee aeue area es 2 
Pavaguias (GUARGGLO)) oc. 5 ccc cise cece sscccccs 3 
POURONME THITOUIANE oo. n.s 58 sv sicle eek se ew ealele 74 
ree ee ee 1 

SN ciorg- 5 ops1'5, 514 IO 0) Seva eee Re ene 80 
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Pauropoda 





RV OMMPONGUIERO oo. oo o\0:sis'00 o ccded’s slesmeesie 2 
OS Er ei ee rte 9 
NNN a leh ae ect ae oso sioid wicca! os Sualed iw avaraha 57 
Ns Siw Wala mierda oto aoe Ky eS 68 
MUI eaten Yas ce ies bas vara Pw s/al xc Siee Sg be Storer 4] 
Myriapods in 1-2’ Soil 
Chilopoda 
AVENOBNUUS WAEGNOUE . 2.60. evecsccccccvcesees 4 
Gnathomerium umbraticum ..........000 ec e eee ] 
RUE CUMERROUO) ooeiccancencetconee neces 1 
NE A Pe ee 1 
Sac cksaucaksawnsekesas renee ptoas 7 
Diplopoda 
| eer ee eee 7 
Pauropoda 
INS a ara wigiai og 0. fie\svei sia \doe) di scalecaerotdn me's 43 
EEE Li Rie on gang ea Henle ee aan BE Rae a aIes 33 
Myriapods in 3-5’ Soil 
Chilopoda 
MUTMERNE WEIHAGUE ooo oc ceiccccccesesiieewees 2 
PE MII) ks vcs ew cca se ccieene cannes 1 
MMIII. srasacale e 4Wl Gletere orale Ware wieslew.& Vea e ae ie 3 
-auropoda 
NII, 55. 6:65 a: a oot a 0400 sams oleate araiw, wre Meioiee 8 
NDE, ai Sinniew ecu cas’ pew aesinmo can cinde re nsinens 13 
Of the total number (1,796) “myriapods” collected, 
40.8 percent were pauropods, 33.4 percent were 


diplopods, 16.6 percent were symphylans, and 9.2 
percent were chilopods. Of the pauropods collected 
51.9 percent were from Station 1 and 2 where pine 
stands grew on a sandy loam soil. 

By reducing the figures that represent numbers of 
“myriapods” collected to comparable units (number 
per square foot to a depth of 2 inches) it is then 
possible to indicate as in Figures 12 and 13 com- 
parative relationships of “myriapod” populations 
with respect to both soil types and cover stands. The 
graph shows that in both cases the greatest number 
of pauropods were from the 1-2 in. samples. There 
were collected an average of 36.8 pauropods per unit 
volume from the sandy loam in the pine stands; and 
27.9 from the clay loam in the oak stands. The Ao 
horizon in the oak stands was seen to be five times 
more densely populated with pauropods than the 
same level in the pine stands. However, in the 3-5 
in. samples of sandy loam from the pine stands the 
number of pauropods was 12 as compared to 5 
found in the clay loam samples from the oak stands. 
If collections from all three layers are combined it 
may be estimated that in the oak stands there was 
an average yield of 1,672,704 pauropods per acre, 
as compared to 2,178,000 per acre in sandy loam of 
the pine stands. 

It has been pointed out in a previous section of 
this paper that pauropods appeared to be positive 


to moist eonditions, but avoid exeessive moisture. 
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Fig. 12. Average number per sample of pauropods, 
diplopods, symphylans, and chilopods with relation to 
A, Horizon, % in. depth, and % in. depth of the pine 
stands on sandy soil. 

Fig. 13. Average number per sample of pauropods, 
diplopods, symphylans, and chilopods with relation to A, 
Horizon, % in. depth, and 35 in. depth of the oak 
stands on elay soil. 


Figures 14 and 15 emphasize this correlation. In 
the sandy loam soil, the greatest number of pauro- 
pods per unit volume were found in samples at both 
the 1-2 in. and 3-5 in. depths when the moisture 
percentages were between 11 and 20. In the clay 
loam, which requires a greater percentage of mois- 
ture for saturation, the greatest number of pauro- 
pods were found in both sample depths when the 
moisture percentage was between 21 and 30. In both 
soil types it will be noted that the 1-2 in. depth was 
more densely populated with pauropods than the 
lower depths when the moisture percentages were the 
same. 

Figures 16, 17, 18, and 19 indicate seasonal trends 
with regard to density of pauropod population. No 
doubt, more data would eliminate some of the fluctua- 
tions in the curves. Basing the percentage of sea- 
sonal ineresae or decrease on the annual average 
number of pauropods at the various levels sampled, 
one is able to note striking seasonal trends. In Fig- 
ure 18 it may be seen that in the spring the greatest 
percentage of decrease is in the 3-5 in. level whereas 
there is an increase in the Ao horizon. During the 
summer there is an increase in all levels; the greatest 
in the 1-2 in. level, and the next in the Av. There 
appears to be a decrease in the fall from the annual 
average number of pauropods in the lower depths; 
whereas there is a decrease in all levels in the win- 
ter, the percentage being least in the lowest level. 
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Fig. 19. Percentage of increase and decrease of num- 
bers of pauropods collected from oak stands on clay soil 
in relation to the seasons. 
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Figure 19 gives comparatively the same correla- 
tions between seasons and pauropod populations in 
the clay loam of the oak stand. 

There appeared to exist a correlation between soil 
temperature and density of population, which is sub- 
stantiated by the temperature experiments conducted 
in the laboratory. Figure 20 shows that, excepting 
in the one instance at 4° C. when the number ex- 
ceeded all and no doubt was unusual, the 
greatest number of animals was collected from all 
depths when the temperature range was between 17 
and 24° C. The graph also shows that pauropods 
existed in the field at temperatures as low as 2° C., 
but in reduced numbers. 


others 


The pH in both soil types at the levels tested 
ranged between 5 and 6. 


TEMPERATURE TOLERATIONS 


In a study made of the mortality rate of pauropods 
at various temperatures, the rate was calculated from 
the numbers of animals (the greater portion of 
which was Pauropus carolinensis) added to the eul- 
tures for any particular temperature. Figure 21 
shows the results obtained. The death rate appears 
to be low at temperatures between 4 and 24° C. A 
sharp inerease is observed after these temperatures 
have been exceeded. 

At 33° C., activity almost ceased, only slight move- 


ments were detectable even when an animal was 
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Fig. 21. Percentage of mortality (based on the aver- 
age number of animals added per day) in relation to 
constant temperatures. 








stimulated. At 0° C., animals that have been kept 
at room temperature died within twenty-four to forty- 
eight hours. If, however, animals which had been 
kept at 4° C. were exposed to 0° C. they in some 
cases lived as long as seven or eight days, but were 
completely inactive. Below 0° C. all animals died 
within two to three hours. At 8-12° C. the bodies of 
animals tested appeared to be “telescoped” but some 
individuals moved quite often on their own initiative. 
At colder temperatures (0-4° C.), however, the tele- 
scoping was not observed, the animals appeared to 
be well extended but quite inactive. If optimum 
temperature ean be based on activity and low mortal- 
ity rate, the data from the writer’s experiments sug- 
gest that it is 16-20° C. This optimum temperature 
is comparable to that of Michelbacker (1938) sug- 
gested for a garden centipede. 


Lire History OF PAUROPUS CAROLINENSIS 


The funnel method of collection afforded the 
writer an opportunity to obtain various instars known 
to exist among Pauropoda. In the ease of P. caro- 
linensis, eggs and all post embryonic stages were 
studied. Instars of Eurypauropus spinosus with 
three, five, six, eight, and nine pairs of legs were 
observed, but no eggs were obtained. In the case of 
Brachypauropus pearsei only specimens with five 
and six pairs of legs were collected. Careful search- 
ing will no doubt furnish a complete life history 
of each of the species mentioned. The following 
description gives the life history of Pauropus caro- 
linensis, the largest and apparently the most numer- 
ous species in the Duke Forest. 


Eggs. 


Eggs were laid in groups of from three to twelve 
while the females were captive in the rearing dishes 
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during the months of June and July. Previous ree- 
ords (Harrison 1914) indicate that for Pauropus 
amicus the eggs were laid in groups of twelve to 
twenty, each egg being “perfectly spherical, pearly 
white, and 0.17 mm. in diameter . . . the outer mem- 
brane, which is opaque, appeared covered with 
minute pustulations.” This deseription might well 
suffice for the physical appearance of the eggs of 
Pauropus carolinensis 





On the twelfth day, the outer membrane of the 
egg breaks. The embryo partially emerges, its an- 
terior end becomes free, while the posterior end is 
still enclosed in the membrane. The embryo is cov- 
ered by an embryonic membrane, which bears out- 
growths that cover the antennae. The three pairs of 
legs are visible inside. The embryo remains motion- 
less in this condition for three days; and then by a 
dorsal splitting of the second cuticle, issues out as 
an actively moving hexapod larva (Harrison 1914). 
Unfortunately, the present investigator was unable 
to observe this hatching process in Pauropus caroli- 
nensis, but assumes that the incubation period and 
process of hatching is comparable to that of Har- 
rison’s species. Numbers of “hexapod larvae,’ how- 
ever, were collected and the post-embryonie devel- 
opment, which is anamorphic, was recorded and 
summarized. 


First Instar. 


The six-legged pauropod has three dorsal tergites 
which are conveniently indicated as A, B, and F, 
tergite F being the definitive sixth tergite. It ap- 
pears that the animal is composed of five posteephalie 
somites with an additional pygidium. Somite one 
bears a pair of rudimentary legs; functional leg- 
pairs are located on the preceding three somites. 
Tergite A partially covers, somite one and entirely 
covers somite two. Tergite B covers two and three, 
and tergite F the legless (definitive eleventh) somite. 
The tactile setae are two in number, the first extend- 
ing from the anterior corner of tergite B, and the 
second extending backwards from the posterior cor- 
ner of tergite F. 


Second Instar. 


The animal issues from the old exo-skeleton with 
an additional tergite (C). This tergite is interpolated 
between the last two of the previous stages and ecov- 
ers two additional somites which bear legs. | Leg 
pairs one, four, and five are with five segments; the 
intermediate pairs consist of six segments. The coxa 
and trochanter of legs four and five bear biramous 
setae; all the others bear simple setae. Situated 
toward the middle and one on each side is an addi- 
tional pair of tactile setae. As in the preceding in- 
star, tergites A and B cover two somites each; the 
last tergite covers only one somite and which is with- 
out appendages. The antenna has three basal seg- 
ments. The animal ranged in length from 0.6 mm. 
to 0.7 mm. 
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Third Instar. 

After a second molt the larvae have five tergites. 
The new one covers two additional somites, only the 
more anterior of which bears a pair of appendages. 
Nine postcephalic somites including the pygidium 
are evident. The first bears the rudimentary legs, 
the second, third, fourth, and fifth somites each bears 
a pair of legs. The last two somites are legless. 
Leg pairs one and six are composed of five segments 
each; intermediate legs have six segments. Only the 
coxa and trochanter of the sixth pair of legs possess 
biramous setae. There are four pairs of tactile 
setae—the first, second, and fourth, as in the last 
stage. The third pair projects posteriorly from a 
little behind the middle of the fourth tergite. The 
basal portion of the antennae consists of three seg- 
ments. The average length of the animals of this 
stage, based on measurements of five well-extended 
specimens, is 0.92 mm. 


Fourth Instar. 

References indicate that it was once believed that 
when a pauropod molted its third time it issued with 
fourteen legs. Lubbock (1866) says “as I have met 
with many specimens possessing, respectively, seven 
pairs and eight pairs, we may, I think, safely ¢on- 
clude that a new pair is added at each molt after 
the first until the full number is acquired.” Kenyon 
(1895) states “In the next stage there are 
pairs of legs, and probably four pairs of lateral 
hairs, five dorsal plates, and nine body segments, 
judging from what happens in the five-leg stage. 
The facts in the case I have not had the opportunity 
to learn.” Harrison (1914) believed that since he 
had found numerous specimens of all other stages 
except the seven leg-pair, such a stage did not exist. 
He had hoped by observing a twelve-legged spee!men 
molt “to prove definitely that no stage with fourteen 
legs occurred. But although it molted successfully, 
it was, unfortunately, so badly crushed between two 
pieces of bark in removing it from the tube that the 
number of legs could not be made out.” Hilton 
(1929) discussed specimens having three, five, and 


seven 


six pairs of legs, and although he never found speci- 
mens with seven or eight pairs of legs, suggested 
that his intermediate forms “confirm Lubbock’s ob- 
servation and help to confirm his conelusions that the 
stages in Pauropus are first a six leg, next a ten 
legged form, then a twelve, then a fourteen, then a 
sixteen, and finally the eighteen legged form of the 
adult.” 

The writer was fortunate in that he was able to 
observe an animal with sixteen legs issue from a 
molted skin that had only twelve legs. This leaves 
no doubt that in the ease of Pauropus carolinensis, 
and probably in most other Pauropoda, two pairs of 
legs are added on the third molt. 

The first of the new leg pairs appears to belong 
te the legless somite (eighth) of the previous stage, 
the second to the new somite interpolated between 
the last two terga. In all, ten posteephalie somites 
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are evident, two beneath each of the first three terga, 
two and part of the ninth underlie the fourth ter- 
gite. The remainder of the ninth and tenth somite 
are beneath the last tergite. All somites except the 
first and tenth bear a pair of appendages. Leg pairs 
one, seven, and eight are 5-segmented, the inter- 
mediate pairs have six segments. The coxa and tro- 
chanter of the seventh and eighth pair of legs each 
possesses a biramous seta, those of the sixth pair are 
now simple. In the male two penes appear to be 
situated at the base of the second pair of legs. The 
body has inereased to 1.18 mm. in length. The basal 
portions of the antennae consist of four segments, 
which is the adult number. As in the previous stages, 
the dorsal and anal setae are similar in arrangement 
to those of the adult. The anal plate has increased 
in size with each succeeding instar and appears to 
have reached the adult size in this stage. The rami 
and flagella have also reached the adult proportion. 


Adult. 

On the fourth molt animals emerge as adult forms. 
A new tergite (E) is formed between the last two 
of the previous stage and covers the ninth and tenth 
somites. The tenth somite is newly formed and bears 
a pair of legs which along with the first pair are 
six segments. Only 
and trochanter with 
tergite bears a pair 
its posterior margin, 


5-segmented; all others possess 
the ninth pair of legs has coxa 
biramous The additional 
of tactile setae situated towards 
and each seta extends backwards. 

Table 8 summarizes the life history: of Pauwropus 
carolinensis. 


setae. 


MOoLtTING 


An animal with a rigid exo-skeleton must, in order 
to grow, shed its outer covering along with its 
“chitinous intima.” During such a complicated proe- 
ess, organs are being reconstructed and even new 
Such conditions may render an 
time (Verhoeff: 


structures formed. 
animal helpless and motionless for : 
1928, 1937). 

Among Pauropoda, the length of time that elapses 
between molts has not been recorded. Lubbock 
(1866), however, was able to keep alive a six-legged 
specimen of Pauropus hualeyi from October 24 to 
December 6 of the same year (at which time it died) 
without molting. Specimens of Pauropus carolinen- 
sis molted as early as four days after being collected. 
Whereas, others of the same age and collected at the 
same time remained four months without any change. 
Obviously, laboratory conditions were not conducive 
to molting and pauropods that did molt had under- 
gone preparatory stages of molting before being 
captured. 

Pauropus carolinensis was observed to molt sev- 
eral times and in all eases the time for shedding the 
skin was very short, about 25 minutes. Before pass- 
ing into a molt, the pauropod became rather inactive. 
The body took on a rigid appearance, but remained 
in an upright position throughout the process. The 
antennae along with the head were bent ventrad. As 
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TABLE 8. Number of tergites, number of postcephalic 
somites, number of leg pairs, location of tactile setae, 
and mean length of individuals of each stadium in the 
life history of Pauropus carolinensis. 
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the molting continued the animal first freed its head 
and by forward propulsions started to work its way 
out of the skin. Finally the antennae were freed and 
the pauropod gradually emerged. When shedding 
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was almost complete the propulsions were more vig- 
orous and in time the animal was seen moving for- 
ward slowly dragging the old skin. Finally, the 
white, moist, and weak animal was entirely freed. 

The total number of molts for Pauropus carolin- 
ensis is four. 


DISCUSSION 


Since 1866, when Lubbock first noticed and de- 
seribed Pauropus huxleyi and designated Pauropoda 
as an order of Myriapoda, at least one hundred and 
twenty other species have been described. The pres- 
ent paper records six from Duke Forest. The mem- 
bers of the group are now generally recognized as 
primitive arthropods and Pauropoda constitute one 
of the four distinct classes of “myriapods.” At the 
present six families of Pauropoda (Asphaeridiopo- 
didae, Brachypauropodidae, Eurypauropodidae, Pau- 
ropodidae, Polypauropodidae, Scleropauropodidae) 
are known to oceur. At least three of these (Brachy- 
pauropodidae, Eurypauropodidae, Pauropodidae) are 
represented in Duke Forest. The writer reports 
Brachypauropodidae from North America for the first 
time and extends the geographical range of Eury- 
pauropodidae southward to North Carolina. 

Authorities believe pauropods to be rather gen- 
erally distributed with exception of the arctic, ant- 
arctic, and desert regions. Wherever found, they 
inhabit dark, slightly damp niches; under decaying 
logs, under stones and lumps of clay (Hansen 1902, 
Hilton 1928, 1930), among leaf litter and in the soil 
itself. 

In contrast to most other myriapods, pauropods 
are delicate and fragile creatures with thin, chitinous 
exo-skeletons, unable to withstand exposure for any 
length of time. They are rather definitely confined 
to humus layers in forests. Little or nothing has 
been known concerning the comparative numbers of 
pauropods with respect to other myriapods. Of all 
the myriapods collected during the writer’s work, 
40.8 percent were pauropods. Annual average esti- 
mates of pauropods per acre for sandy and clay soil 
are 2,178,000 and 1,672,704, respectively. The num- 
bers of pauropods present in the soil in some degree 
indicate their importance as constituents of the habi- 
tats they oeeupy. 

The realization of the part played by animal life 
in soil formation has been gradually growing for the 
last fifty years. The forest soil must be subjected 
to some sort of mechanical cultivation so that it may, 
be kept friable and porous for plant growth and also 
so that organie residue may be decomposed. Culti- 
vation of forest soils is accomplished by soil animals, 
but they do not confine their work to this. They 
decompose leaves and branches, bite them into bits, 
let the organic material pass through their intestinal 
canals, and thus make it more accessible to the bac- 
teria and fungi which carry on the final processes of 
humus formation (Bornebush 1930). Although pau- 
ropods are one of many groups of soil animals, the 
striking high incidence of pauropod population would 
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lead one to believe that regardless of the small size 


of the animals, their role in soil formation is 
significant. 
The vertebrate animals, the larger insects, the 


earthworms, the Protozoa, and to a certain extent 
the nematodes of the soil have been studied and their 
effect The microarthropods, comprising 
the pauropods, scolopendrellids, proturans, collem- 
bolans and free living mites have been entirely over- 
looked, probably on account of their size, and to the 
need of special methods to find them (Jacot 1936). 
This paper opens a field of investigation concerning 
the neglected microarthropods and present informa- 
tion that should be of great importance in determin- 
ing the role pauropods play in the soil. 


observed. 


Pauropods range in length from 0.5 mm. to 1.8 
mm. Their small size has made it unusually difficult 
for one to colleet and study them. The funnel method 
of collection as used in this investigation proved to 
be satisfactory in securing large numbers. The 
method is based chiefly on the fact that pauropods 
are particularly sensitive to desiccation and move 
downward with increasing dryness. 

There is a law of nature that increase in numbers 
is directly proportional to the availability of food 
and protection. Different cover and soil types vary 
in their ability to furnish these two requirements. It 
seems necessary, therefore, to know the physical con- 
ditions of soil in order to attempt to understand the 
many interesting factors that have to do with the 
distribution of animals of soil. 

Sand is dry and loose, caves readily, and has a 
variable temperature. Clay is cold, dense, poorly 
aerated, and tenaciously holds moisture but when 
dry is dense and hard (Pearse 1939). It is evident 
that soils differ considerably in their capacity for 
water retention. Thus a heavy clay soil with 15 per- 
cent moisture might be apparently dry, while a sandy 
soil with the same amount of moisture would be vis- 
ibly moist (Robinson 1936). Soil profiles indicate 
the constituent layers and their respective thickness. 
In sandy soils the humus layer is usually thin, as a 
great deal of the organic material has filtered to the 
A: horizon. Comparatively little organic material is 
found beneath the thicker humus layer in most clay 
soils, since particles of soil are more compact and 
prevent filtering to a great extent. 

With such facts 
data may be interpreted. 
other work of an ecological nature on Pauropoda, 
the present comparison of data must be based in part 
on results with various other closely allied animal 


mind, the writer’s 


there has been no 


as these in 
Sinee 


groups. 

The movement of microarthropods in soil is reg- 
ulated chiefly by moisture. Cook & Loomis (1928) 
state that “the outstanding requ'rement for the ex- 
istence of delicate humus animals is a continuous 
supply of moisture, not necessarily a regular supply, 
but one that is never completely interrupted or the 
creatures at that place are exterminated.” It has 
been shown that moisture is-a significant faetor in 
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the distribution of pauropods. In both sandy and 
clay soils a greater number of pauropods was found 
at all levels where optimum percentage of moisture 
was determined (Figs. 14, 15). However, in clay 
soil optimum moisture percentage, based on the great- 
est numbers of pauropods present, was higher than 
in sandy soil. As sandy soils differ from clay soils 
in moisture content, one may expect the population 
to be differently distributed. 

During periods of drought minute animals, such 
as pauropods, have an advantage over larger animals 
in that they are able to erawl through eracks and 
crevices to take advantage of any moisture that may 
be present, even at considerable depths. A dry sur- 
face should not endanger the existence of any humus 
feeders, for the animals ean seek refuge in moist 
subsoil, if the nature of the soil permits. 

More pauropods were found in the 1-2 in. and 3-5 
in. levels in the clay soil than in the sandy soil dur- 
ing summer, when the writer’s records show that 
more moisture was present in the clay. However, 
clay soils usually have little in the way of humus 
fauna. When small soil animals do exist in eol- 
loidal soils, they are found in the “humus blanket 
except as the character of the soil may be modified 
under this blanket” (Cook & Loomis 1928). 

Pauropods were found by the writer to occur most 
often in sandy soil of pine stands (Figs. 12, 13), 
although twenty-eight per square foot were found in 
clay soil. In the thicker humus of oak stands _ be- 
neath which was a elay soil, the number of pauro- 
pods exceeded those in the same layer of pine stands 
on sandy soil by five times. The physical nature of 
soil possibly accounts for the greater density of pop- 
ulation at the 3-5 in. level in sandy soil. 

Temperature no doubt plays its part in the general 
distribution of pauropods, which have been collected 
from areas 65° N. to 34° S., from sea level to alti- 
tude of 2,000 meters (Hilton 1931, Hansen 1902). 
Single species do not appear to have a wide geo- 
graphieal range. As to their vertical distribution in 
the soil, the present. work suggests that to gain ther- 
mal stability of the soil, pauropods seek lower levels 
during the winter when the air temperatures are 
extreme (Figs. 16, 17). High temperatures produce 
a torpid and inactive state among pauropods. In 
the summer and fall, for protection against heat and 
desiceation, especially in sandy soils, these animals 
migrate to the A: horizon where conditions are cooler 
and more moist. In constant temperature cabinets, 
as well as in field soil, optimum temperature was 
found to be between 16 and 20° C. Michelbacher 
(1938) found the optimum temperature for a garden 
centipede (Scutigerella immaculata) to be between 
12 and 20° C. The writer has shown that at least 
one of the foods of Pauropus carolinensis is fungi. 
Dr. F. A. Wolf of the Botany Department of Duke 
University has suggested that in general, the optimum 
temperature for molds is between 10 and 30° C. 
Since the optimum temperature for pauropods falls 
within that for mold growth, there appears to he a 
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correlation between the incidence of pauropod pop- 
ulation and that of meld fungi. Specialized food 
habits are indicated by the minute mouth parts of 
-auropoda. 

Their locomotion has been deseribed as being of a 
fast or slow type. Some observers (Latzel 1884) 
believed the former indicated carnivorous habits. 
Harrison (1914) believed Pauropus (a fast type, 
according to Latzel) to be a humus feeder. But on 
what part of the humus does it feed? The H layer 
of the A: horizon is composed of brown, brownish 
black, or black amorphous organic matter. It seems 
quite possible then if pauropods should feed off dark 
organic matter, their gut (which is visible through 
the chitinous exterior) would appear dark also. This 
was not the case in any instance. As has been men- 
tioned, the writer observed Pauropus carolinensis 
feeding only on mold fungi and since the optimum 
temperature for growth of molds may be also that 
for the greatest numbers of pauropods, it seems pos- 
sible that the pauropods would have access to enor- 
mous amounts of food. 

Harrison (1914) collected eggs of Pauropus ami- 
cus and the writer, eggs of P. carolinensis during 
the months of June and July. A decided inerease 
in numbers of pauropods was noted in Ao horizon in 
the late spring of 1941 and considerable numbers 
continued to oceur through the summer (Figs. 16, 
17). Optimum conditions of temperature, moisture, 
and food supply exist at such times. During the 
fall, when moisture percentage decreased, the num- 
bers of pauropods decreased. As winter approached 
the animals no doubt traveled to lower levels to seek 
the thermal stability, but many died during such 
migration. 


SUMMARY 


1. During 1940-42 three families of Pauropoda, 
represented by six species, were collected from the 
Duke Forest. The species represented were: Brachy- 
pauropus pearsei Starling; Hurypauropus spinosus 
Ryder, 1879; Pauropus carolinensis Starling; Pauro- 
pus causeyae Starling; Pauropus dukensis Starling; 
and Stylopauropus sp. Starling. These were the 
first species of pauropods reported from the South- 
eastern United States, and the first instance of 
Brachypauropus being collected in North America. 


2. Eight new species of Chilopoda, and one or pos- 


sibly two new species of Symphyla were collected, 


during this investigation. Four species (three Chilo- 
poda and one Symphyla) not heretofore found in 
North Carolina were reported, making a total of 
one hundred and eighteen species of ‘myriapods” 
which have been described from North Carolina. 

3. Of the 1,796 myriapods collected through fun- 
nels, 40.8 percent were Pauropoda, the most numer- 
ous of any group of “myr‘apods.” 

4. Quantitatively, the distribution of pauropods in 
the soil may be effected by cover type and structure 
of the soil. 


5. A calculated estimate shows an annual average 
of 1,672,704 pauropods per acre (to a depth of 5 
inches) in oak stands on clay soil, as compared to 
2,178,000 in pine stands on sandy loam. 

6. Thirty-seven pauropods per square foot were 
calculated in the 1-2 in. layer of sandy soil; while 
only twenty-eight per square foot were colleeted from 
clay. 

7. Five times as many pauropods were found in 
oak humus on elay soil than in the same level under 
pine stands on sandy soil. 

8. Twelve pauropods per square foot were found 
in the 3-5 in. samples in the sandy soil, as compared 
to five per square foot in clay soil. 

9. Moisture and temperature are two factors that 
may affect the distribution of pauropods. 

10. The greatest number of pauropods was col- 
lected from each level in sandy soil when the mois- 
ture percentage of the oven-dry weight was 11-20. 
In clay soil pauropods appeared to prefer 21-30 per- 
cent of moisture at both levels. 

11. Summer appeared to be the most favorable 
season for the development and activity of pauro- 
pods. Eggs were obtained in June and July. Dur- 
ing the winter the percentage of decrease in numbers 
was found to be least in the 3-5 in. level. 

12. The optimum range of temperature based on 
activity and mortality rate, when pauropods were 
placed in constant temperature cabinets, was found 
to be 16-20° C. 

13. The optimum temperature, based on field ob- 
servations relative to number of pauropods present 
in the soil samples, was found to be 17-23° C. 

14. A correlation appears to exist between opti- 
mum temperature for mold growth in general and 
high incidence of pauropod population. Mold fungi 
were observed to be the usual food of Pauropus 
carolinensis. 

15. The number of pauropods per acre of forest 
soil indicate to some degree their economie impor- 
tanee. Along with the numerous other animals of 
the same habitat they render the soil friable and 
porous for plant growth and aid in the decomposi- 
tion of organic materials. 
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SOME ASPECTS OF THE ECOLOGY OF THE 
IGUANID GENUS UMA 


INTRODUCTION 


The 


lizards of the genus Uma are known eol- 
loquially as fringe-footed or ocellated sand lizards. 
The former designation has resulted from the pres- 
ence on certain of the digits of elongate, pointed 
scales forming fringes along the sides of these strue- 
tures (Figs. 18 and 19). The latter refers to the 
dorsal pattern of eye-like maculae (Fig. 1). The 
body, including the tail, is conspicuously depressed. 
The skin exhibits a fine granular sealation. The 
festooned toes, flattened body and smooth skin are 
morphological features associated with the sand bur- 
rowing habit of these reptiles. 


The members of the genus oceur in aeolian aceu- 
mulations in southwestern United States and parts 
of northern Mexico. Distribution is discontinuous 
throughout the range since the animals are restricted 
to deposits of fine loose sand. In such places they 
seek cover by the so-called “sand-swimming”  be- 
havior. Sand-swimming implies submergence into 
the loose substratum of the habitat by diving or 
wriggling into the soil rather than by construction 
of a burrow or tunnel for retreat. Fossorial activ- 
ity of this type results in direct contact between the 
surface of the animal’s body and the small frag- 
ments which compose the wind-blown deposits. 


The habitat presents rigorous environmental eon- 
ditions. The configuration of the substratum is be- 
ing modified continually by wind action; transporta- 
tion and deposition of sand almost 
incessantly. The habitat is one of pronounced aridity 
with few plants growing on the dry, shifting soils. 
Temperature fluctuations are extreme. These and 
other factors combine in the formation of an en- 


is going on 


vironment which, inhospitable to life, places great 
stress upon adaptive modifications. 

The lizards are highly specialized, possessing nu- 
merous structural and functional adaptations asso- 
ciated with the arenicolous habit. The primary 
purpose of the present study has been to interpret 
such structures and their functioning in terms of the 
environment. 

Before entering into a discussion of the ecology 
of the genus, it is important to draw attention to 
recent changes in nomenclature. Heifetz (1940) has 
published a review of the lizards of the genus Uma 
in which he designates three species and one sub- 
species. Previously to this work, the single species, 
Uma notata was recognized. 
which antedate this 
from this paper. 

The three species and one subspecies as 
recognized are 
California), U. 


Changes in taxonomy 
classification may be obtained 


now, 
(Mojave Desert of 
(Coachella Valley of the 


Uma _ scoparia 


inornata 


Colorado Desert of California), U. notata notata 
(Colorado Desert south of the Salton Sea, Cali- 


fornia), and the subspecies U. notata cowlesi (North- 
west coast of Sonora, Mexico). 

The remarks made in the succeeding pages apply 
with equal weight to all known members of the 
genus unless otherwise specified. 


HABITAT 


The habitat occupied by Uma characteristically 
exhibits unstable edaphie conditions. Few plants are 
able to withstand the inhospitable rigors of aridity 
coupled with a shifting substratum. The paucity 
of vegetation and the difficulty of burrow main- 
tenance in the superficial layers of sand, except dur- 





Fig. 1. 


An adult fringe-footed sand lizard (Uma inornata) from the Garnet aeolian 


deposit in the Coachella Valley, California. (Photo by R. B. Cowles.) 
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ing brief periods following rains, are environmental 
features which have contributed to the extensive 
adoption of the sand-swimming habit. 

Sand submergence not only is a method of eseape 
from enemies, but also is a means of retreat from 
undesirable temperatures. The sand, with its numer- 
ous air spaces, serves as an insulating blanket, pro- 
tecting the reptiles from adverse fluctuations. Within 
certain limits of the temperature range, optimum 
conditions may be approached by adjusting the 
depth of burial. 

NATURE OF THE SAND 

The most consistent general feature of the areas 
oceupied by the genus is the presence of sand of a 
texture which facilitates subsurface retreat for juve- 
nals as well as adults. Such substratum requirements 
are most frequently met by aeolian deposits. Sand 
accumulations resulting from the action of water, 
such as those which occur in washes and flood plains, 
though often exhibiting sand of suitable texture, are 
subject to sporadic inundation and thus such regions 
are untenable. Further, such deposits frequently 
exhibit cementing of the sand grains which interferes 
with or completely prevents sand-swimming. I know 
of no eases of oceurrence of the animals in such 
deposits. 

Measurement of sand particles from a preferred 
sector in the Garnet habitat, 5 miles north of Thou- 
sand Palms in the Coachella Valley, showed a sur- 
prising consisteney in size. Approximately three 
fourths of the fragments in each sample were slightly 
less than 0.5 mm. in diameter. The remainder were 
under 1 mm., with the exception of a small percent- 
age, perhaps 0.01 percent, which were over 1 but 
under 2 mm. in size. Larger particles were not 
found in this particular sector. 

Comparison of sand from other habitats frequented 
by the genus with that of the selected portions of 
the Garnet deposit suggests that sand composed of 
particles greater than 2 mm. in diameter is generally 
avoided. Captive specimens submerged more fre- 
quently in the finer soil from the Garnet area than 
in coarser material with a particle size approximating 
2 mm. Nevertheless, the occasional behavior of 
specimens in the laboratory suggests that burrowing 
in nature may sometimes occur in such deposits, but 
it is unquestionably rare. The cumulative experience 
of many collectors and the personal observations of 
the writer have led to the conclusion that coarse 
deposits are consistently shunned. Such sand offers 
mechanical resistance to sand-swimming. Captive - 
adult animals are noticeably retarded in speed of 
submergence in coarse sand (i, sand with the 
majority of particles over 2 mm. in size). Juvenals 
are unable to enter such material without great ex- 
penditure of energy. Frequently they become ex- 
hausted and are satisfied with only partial burial. 
The disastrous effect of such retardation under 
natural conditions, where speed of sand-swimming 
is essential for eseape from predators, is readily 
apparent. 
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PLANTS OF THE HABITAT 


The continually shifting sand supports a meager 
plant community throughout most of the year (Figs. 
2, 3). Where it is of considerable depth and con- 
stantly moving before prevailing winds, such as is 
the ease with the erests of barchanes and dunes, con- 
ditions of growth are especially severe. However, 
about the periphery of such motile deposits the soil 
may be sufficiently stable to permit a sparse growth. 

In the spring, throughout most of the range of 
the genus, numerous annuals appear which, though 
transitory types, provide both food and eover for 
the lizards. A number of factors contribute to the 
development of this short-lived rather profuse growth. 
Among them are vernal decline in wind velocity, 
silting from sporadic rains, and the inherent capacity 
of the plants for ecesis on the loose soil. 


ARIDITY 


The habitat is one of extreme dryness. Water, 
usually in the form of rain or dew, occurs only a few 
times in a year. The animals therefore must depend 
essentially upon water derived from their arthropod 
and plant foods. 


VARIATIONS IN THE HABITAT 


The statements made thus far relate to the general 
features of the habit considered in its broadest sense. 
There yet remains to be considered certain of the 
more conspicuous differences which exist between 
the various regions occupied by Uma—such as sand 
color, plant species, and the topography of the de- 
posits. Certain illustrative areas in California and 
Sonora, Mexico, have been selected—the Garnet area, 
the Coachella dunes, the Salton Sea Sandy Beach 
accumulation, and the Yuma and Rice regions. The 
Garnet deposit, serving as a typical habitat, has been 
chosen for a somewhat more detailed analysis than 
the other sectors. 


THE GARNET DEPOSIT 


Details of topography and to a considerable ex- 
tent the occurrence of plants in an aeolian deposit 
vary from year to year. The description to follow 
of the Garnet habitat is as of spring, 1942. 

This deposit is located a few miles north of Thou- 
sand Palms in the Coachella Valley (Fig. 2). The 
accumulation of wind-blown sand is situated in a 
small depression located on the east side of the 
Coachella Valley at the base of the Little San Ber- 
nardino Mountains. A low hill lies between the de- 
posit and the level country to the west. The valley 
in which the accumulation occurs opens toward the 
south. 

The sand, whitish in color, is deepest (at this writ- 
ing) on the west side of the habitat. Here in some 
places it may assume dune proportions, heaping up 
to a height of 4 or 5 feet. Vegetation is absent in 
this region. Not far from the deeper sand, along 
its eastern margin, are found numerous _hillocks 
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Fic. 2. The Garnet deposit, located north of Thou- 
sand Palms in the Coachella Valley. This sand accumu- 
lation is occupied by Uma inornata. (Photo by R. B. 
Cowles.) 


topped most frequently by Creosote Bush (Larrea 
divaricata var.) and less commonly by Desert Mint 
(Hyptis Emoryi) while many of the smaller hum- 
mocks are crowned by Burro Weed (Franseria du- 
mosa). Sand has accumulated about these plants 
and other impediments to form heaps which in many 
places are 2 or 3 meters high. The hillocks are 
characteristically elliptical in shape with their long 
axes lying in the direction of the prevailing winds 
with the bush or other obstruction responsible for 
the deposition of the sand situated at the windward 
end. Between the vegetation-free dune sand and the 
creosote-topped hummocks, occurs a rather profuse 
growth of the annual, Dicoria canescens. This rather 
dense growth attracts many lizards by providing food 
and cover. The sand in this Dicoria belt is fine and 
loose for a considerable depth. 

Sand in the Garnet area varies as to particle size 
and depth of accumulation. Variation in wind veloc- 
ity throughout the habitat has resulted in the deposi- 
tion of grains graded as to size. In a few places 
coarse sand averaging 2 mm. in diameter predomi- 
nates; in others, more extensive in occurrence, the 
majority of particles may approximate 1 mm. in 
diameter. Most of the sand in the dune area and on 
the lee side of the hummocks is extremely fine, meas- 
uring, on the average, under 0.5 mm. 

In contrast to the abundant loose material in the 
dune region and about many of the hillocks, the sand 
occurring in the unobstructed troughs between these 
elevations may be only 1 to 3 em. in depth. This 
thin layer often lies upon a compacted stratum which 
has been produced largely by the deposition of finer 
particles washed into the hollows from adjacent hum- 
mocks by sporadic rains. 


OTHER AREAS 


In general, all other regions oceupied by the genus 
conform to the analysis of the Garnet habitat. Salient 
features in which certain other well-populated see- 
tors depart from the general conformity may be 
briefly stated: 
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Coachella dunes. Located near Indian Wells, south- 
east of Palm Springs—oceupied by Uma inornata. 
Salt Bush (Atriplex sp.) is more frequently found 

crowning the small hummocks. Mesquite (Prosopis 

chinensis) is conspicuously associated with the giant 
dunes near Indian Wells. The sand color is similar 
to that in the Garnet area. 


Sandy Beach. Situated on the west side of the Sal- 
ton Sea—oceupied by Uma notata notata. 





Numerous barchanes almost devoid of vegetation 
are common in this region. Plants which cling to 
the margins of the windward side of the dunes are 
chiefly Buckwheat (Eriogonum sp.). Sand color is 
buffy or reddish brown. 


Yuma dunes (Fig. 3). Loeated in the southeastern 
part of the Imperial Valley, extending over into 
Sonora, Mexico—occupied by Uma notata notata. 








Fic. 3. Sparsely vegetated dunes of the Yuma, Ari- 
zona region occupied by Uma notata notata. The plants 
in the foreground are Desert Willow, Chilopsis linearis. 
(Photo by R. B. Cowles.) 


The Yuma region is characterized by its vast ex- 
tent of dunes covering many square miles—much 
greater than any of the other areas discussed. The 
dominant vegetation is Desert Willow (Chilopsis 
linearis) and Palo Verde (Cercidium Torreyanum). 
Creosote Bush (Larrea divericata var.) is less abun- 
dant here than in other sectors. 


Rice deposit. Located in southeastern part of the 

Mojave Desert—occupied by Uma scoparia. 

Many clumps of vegetation with numerous small 
intervening spaces of exposed sand occur in this see- 
tor. The most conspicuous plants are Galleta Grass 
(Hilaria rigida) and short Creosote Bush. There are 
no prominent dunes. 


ADAPTATIONS FOR ARENICOLOUS 
LIFE 

In common with lizards of other genera such as 
Mabuia, Ptenopus, Teratoscinecus, Phrynocephalus, 
and Callisaurus, which live in similar habitats 
throughout the world, numerous sand adaptations 
occur in Uma. Certain of the more conspicuous of 
these adaptations as found in Uma are as follows: 
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Adaptations connected with: 
1. Locomotion upon and beneath loose soil. 

a. Increase in foot surface by extension of 
length and breadth of the facilitates 
support and propulsion. 

b. Predominantly granular smooth  sealation 
minimizes friction during sand-swimming. 

ce. Depressed body form and shovel-shaped head 
facilitate submergence by lateral movements 
of the anterior portion of the body. 


toes 


Respiration beneath the sand. 
a. Location of external nares and presence of 
nasal valves both tend to prevent inhalation 
of sand fragments. 
b. Configuration and funetion of nasal channels 
facilitates the exelusion and ejection of sand 
grains. 
Protection of the sense organs, especially the 
eyes, ears and olfactory apparatus. 
a. Eyes 
(1) Overlapping eyelids tend to prevent the 
entrance of sand and evaporation of 
water from the orbital region. 

(2) The nietitating membrane functions in 
the removal of accumulated sand. 

b. Ears 
Ear-flaps protect the tympanic membranes 
from the abrasive effect of wind-blown sand 
and particles encountered in sand-swimming. 

ce. Olfactory apparatus 
Nasal valves tend to occlude external nares. 
(See No. 2.) 

Occlusion of sand from body openings. 

a. A counter-sunk lower jaw prevents the oral 
acquisition of particles during sand-swim- 
ming. 

b. Nasal valves tend to block the external nares. 

ce. Ear valves occlude the external auditory 
meatuses. 

Concealment. 

a. The dorsal color pattern resembles the sand 
of the habitat. 

b. The depressed body form presents a 
silhouette. 


low 


ce. Cast shadow is concealed by squatting close 
to the substratum. 

d. Sand-swimming facilitates eseape from en- 
emies and undesirable temperatures. 


The adaptations mentioned do not constitute a 
complete picture of the structural and funetional 
modifications which appear in the genus Uma. 
Rather, they represent those which by their con- 
spicuousness either have been discussed already in 
the literature or have been studied by the author. 

In the succeeding pages the following subjects are 
discussed: Vision and eyelids, the nictitating mem- 
brane, the olfactory apparatus, the parietal organ, 
hearing, locomotion, feeding habits, concealment, 
selection of places of retreat, enemies, and thermal 
tolerance. 
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Studies that have to do with the third eye or 
parietal organ constitute a large part of the follow- 
ing pages. Although this structure in modern Lacer- 
tilia has come to be generally accepted as being 
vestigial and in the majority of eases non-functional, 
in Uma the striking external appearance of the organ 
in conjunction with suggestive behavior led to its 

investigation. 

VISION AND EYELIDS 
Vision 

The eyesight of Uma is exceptionally well devel- 
oped and may be accommodated effectively for dis- 
tant as well as elose vision. In the field, individuals 
watched through field glasses have been seen to eap- 
ture very small rapidly flying insects, the movements 
of which were followed with difficulty by the ob- 
server. Similarly, on numerous oceasions I have 
seen captive animals jump into the air to seize a 
fly or other small inseet which flew within reach. 
The of such behavior is dependent upon 

acute vision. 


success 


Likewise the animals see well at a distance, sinee 
I have startled individuals much 35 meters 
away. Part of the difficulty encountered in proeur- 
ing specimens of this wary lizard is due to this ex- 
cellent distant vision. 


as as 


Eyelids 


Adequate eye protection plays an important part 


in suecessful arenicolous life. Not only must the 
delicate eye surfaces be protected from the irritating 
and abrasive effect of sand particles which may be 
blown into the eyes, but the sand-swimming habit 
further jeopardizes these organs. 

The eyelids of Uma are adapted for the exelusion 
of sand. Their over-lapping character and broad 
occluding surfaces, when firmly closed, effectively 
prevent most foreign material from reaching the 
eyes. 

A conspicuous feature of the lids is the prominent 
festooning of their margins (Figs. 4, 5). The fes- 
toons fringe these organs completely. They possess 
no mechanism within themselves for movement but 
under certain conditions of eye closure such as during 
sand-swimming they may be forced together by the 
external pressure of sand or, when the lizards are 
on the surface, by the influx of blood and lymph into 
the eyelids. Bruner (1907) deseribes the structure 
and function of a distention mechanism in the head 
of certain of the Reptilia. This mechanism is well 
developed in the Laecertilia. By contraction of cer- 
tain muscles, especially a ring of striated muscle 
fibers about the internal jugular veins, the blood 
pressure of the head is raised. Blood and lymph 
distend sinuses in the cephalic region, producing in- 
tumescence and swelling of the tissues. One function 
ascribed to the phenomenon is that of stretching and 
tearing of the cephalie skin facilitating exuviation of 
the head. Thus during periods of intumescence the 
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Fic. 4. Lateral view of the head of Uma. Note the 
broad festooned eyelids, the similarly festooned earflap 
(lower left hand corner) and the knife-like cutting edge 
of the upper jaw. (Photo by R. B. Cowles.) 


See Se af ‘ 





Fig. 5. Eye of Uma with the eyelids rolled back to 
expose their occluding surfaces. (See Fig. 6 for ex- 
planation of abbreviations. ) 


fringing scales may be moved through changes in the 
turgidity of the underlying tissues. 

The importance of the festoons may be twofold: 
(1) They inerease the contacting surfaces of the 
lids, thereby rendering the occlusion of sand from 
the eyes more effective and (2) they may reduce the 
glare from the bright substratum of the habitat by 
intercepting and breaking up light reflected from the 
sand. 

When the upper and lower lids come together, they 
usually meet along an inner and an outer ridge, both 
of which extend the length of the lid margin (Figs. 
5, 6, a, b). A space may be left between these 
occluding surfaces. The lining of this cavity is cor- 
rugated, the ridges and furrows extending trans- 
versely as shown in the illustration (Fig. 5, er). The 
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Fic. 6. Transverse section through the eye and lids 
of Uma inornata, a., outer occluding ridge; b., inner 
occluding surface; bo., bone; b.s., blood sinuses; b.v., 
blood vessels; c¢c., chamber situated between inner and 
outer occluding ridges; co., cornea; con., conjunctiva; 
con. s., conjunctival sac; cx., ridged and furrowed sur- 
face lying between the occluding ridges, a. and b.; d. 
¢ d’., surfaces which come into contact when the lids 
are tightly closed as during sand-swimming; f., festoon; 
h.c., hyaline cartilage; [.l., lower lid; l.s., lymph space, 
m., melanophores; m.d.p., palpebral depressor muscle ; 
t.a., translucent area; u.l., upper lid. 


significance of these corrugations is not clear although 
a certain amount of interlocking of these crests and 
valleys may occur when the lids are tightly closed, 
insuring effective closure of the organs. 

The double occlusion of the lids is effective not 
only in preventing sand from reaching the delieate 
surfaces of the eve but also in minimizing evapora- 
tion of fluid from the conjunetival sae. If sand 
particles were to come into contact with the moist 
inner occluding ridges, liquid would be drawn from 
the eye by capillary action. The additional contaet- 
ing surfaces of the lids (Fig. 6, a) largely obstruet 
the entrance of such fragments and thereby are of 
importance in reducing the tendeney for water loss 
by evaporation. Such evaporation would be of real 
consequence in an area where water is at a premium 
and the reptiles spend such a great part of their time 
buried in the dry sand. 

The eyeballs, and thus the eyelids, may be pro- 
jected outward by the contraction of certain muscles 
which lie ventral to the orbital blood sinus—a large 





part of which is situated beneath and behind the 
eye. The lizards often protrude the eyes rapidly 
upon coming to the surface. This is done before 
the eyes are opened. Its effect is to shake loose any 
sand grains which may be adhering to the skin of 
the eve region or that may have lodged between the 
free portion of the lids. 
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Although the overlapping eyelids are highly effee- 
tive in excluding foreign matter, they do not wholly 
prevent the entrance of such material since wind- 
blown fragments may reach the eye surfaces. Sand 
pellets are frequently found in the anterior eye cor- 
ners. The problem of the removal of this material 
will be considered later. 


When the eyes are closed, the cornea rests against 
the lower lid; the lids meet dorsally to this region 
(Fig. 6). The lower eyelid is backed by hyaline 
cartilage to which the cornea lies in juxtaposition. 
The integument opposite this cartilage is unpig- 
mented in a roughly ecireular area centrally located 
near the free margin of the lower lid. 


The lower eyelid of Uma was removed and exam- 
ined under the microscope. It was found that the 
unpigmented area in the lid transmitted light to a 
much greater extent than did the remainder. Com- 
parative work was done on other Southern California 
lizards and it was found that certain other species 
appeared to have a similar, though in all cases ex- 
amined a less well developed, light-transmitting re- 
gion. The position of the pupil of the eye relative 
to the lower lid is such that it receives light waves 
through the translucent area when the eye is closed. 


Thus, we have, in Uma, a tendeney which has 
reached its peak in the snakes and certain lizards 
which are without moveable eyelids. An intermediate 
found in certain desert skinks. Barbour 
(1926) mentions the presence in these animals of a 
spectacle in the lower eyelid, which permits vision 
when the eye is closed, and at the same time makes 
possible protection against blowing sand. In some 
cases this window is a simple round dise; in others 
it occupies the whole eyelid and the lid itself is 
permanently closed and fused with its fellow. Bar- 


stage is 


bour points out that it is invariably the lower lid. 


that is modified in this way. The degree of trans- 
lucence is not great enough to permit the perception 
of objects in Uma, but the detection of a passing 
shadow or other marked change in light intensity 
may be possible. 


Nictitating Membrane 


The adaptive features of the structure and fune- 
tioning of the eyelids associated with protection of 
the eyes from foreign matter have been discussed; 
however, there is yet to be considered the important 
part played by the nictitating membrane and asso- 
ciated structures in the elimination of oceasional 
incurred particles. 


Although the eyelids are effective in preventing 
the entrance of most wind-blown sand as well as in 
the obstruction of grains during subsurface loco- 
motion, nevertheless some particles gain access to the 
The third eyelid or nictitating membrane is 
concerned with the removal of these fragments, which 
if allowed to accumulate, would result in diseom- 
fort and ultimately serious impairment of vision. 


eyes. 
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Fig. 7. A. External appearance of the nictitating 
membrane of Uma. The right eye has been removed 
with the membrane intact. B. Anterior surface of the 
left eyeball of Uma. C. The nictitating membrane, in- 
cluding its tendon, and the Harderian gland have been 
removed as a unit. The position of the eyeball is indi- 
cated by the broken line. (See Fig. 9 for explanation 
of abbreviations. ) 


Sand Elimination from the Eye 


It is common experience in examining the eye 
region of Uma to find considerable sand in the an- 
terior corners. The small diameter of the lacrymal 
ducts and the position of their orbital orifices, made 
removal of sand particles by drainage into the buccal 
cavity seem unlikely. Observation of captive animals 
finally led to the discovery of the mechanism involved. 

While watching several captive individuals, atten- 
tion was attracted to one animal which was violently 
protruding its eyes. In the midst of this behavior a 
whitish opaque object appeared at the anterior cor- 
ner of the eye and was thrust out onto the eyeball 
by a glistening reddish tissue which appeared and 
disappeared several times. The animal then reached 
forward with the hind foot and seratched away the 
pellet which was adhering to the surface of the cor- 
nea. This was followed by a seratching motion of 
the other hind foot which suggested that the dis- 
charge had oceurred from both eyes. Subsequent 
observation revealed that sand masses may be ejected 
simultaneously. 

Examination of the toe-nails revealed that their 
configuration is such that when the foot is brought 
forward, the flattened surface of the nails are par- 
allel to the surface of the cornea. This reduces the 
possibility of injury to the eye from scratching. 

Bruner (1907) describes a sinus membranae nicti- 
tantis occuring in the Laeertilia. This sinus is a 
part of the system of cephalic sinuses mentioned 
previously in connection with intumescence of the 
eyelids. 

The device for cephalic blood-pressure control is 
intimately associated with the sand-elimination mech- 
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Fic. 8. Diagrams illustrating the mechanism for sand 
elimination from the anterior eye corner in Uma. A. 
Frontal section through the eye region of Uma showing 
the position of the nictitating membrane when relaxed. 
B. The blood sinus at the base of the membrane is 
distended with blood. C. The membrane has been pro- 
jected out over the eye. The swelling at its base im- 
pinges on the sand mass, forcing it out of the eye corner. 
(See Fig. 9 for explanation of abbreviations. ) 


anism. The reddish tissue appearing at the base of 
the nictitating membrane during the process of elimi- 
nation is the distended blood-filled sinus (Fig. 8, B, 
C). 

Bruner states further that irritation such as that 
which arises from a loose piece of skin in the orbital 
region induces functioning of the “swell mechanism,” 
therefore it is probable that accumulated sand par- 
ticles in the eye corner may likewise function to 
initiate the action of this mechanism. 

The agglutinated sand-grains in the anterior corner 
of the eye are pushed out on to the cornea by the 
swelling at the base of the nictitating membrane 
(Fig. 8, ©). This oceurs as the membrane is moved 
posteriorly over the eye surface. The portion which 
comes into contact with the sand particles is pro- 
tected by a relatively thick stratified epithelium 
(Fig. 9, t.s.e.). 

The protrusion of the eyeball aids in the removal 
of the pellet by increasing the pressure on the for- 
eign material. This pressure tends to force the mass 
out on to the cornea. Since the deposit is eneap- 
sulated by mucous it is readily moved in this diree- 
tion. The lubricating mucous film prevents scratch- 
ing and abrasion of the delicate conjunctival surfaces. 

Experimentally particles of sand have been 
dropped on to the surface of the eye. The nictitating 
membrane has been observed to catch these grains 
on its free edge and carry them out of sight into the 
posterior eye corner. But, the particles tend to ad- 
here to the moist and somewhat sticky edge of the 
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Fic. 9. Transverse section through the basal portion 
of the nictitating membrane showing its microscopic 
structure. The eye lies on the right in the diagram. 
a.e., place of attachment of eyelids; b., blood; b.s., 
blood sinuses; ¢., cartilage; c.c.e., choroid coat of eye; 
co., cornea; con., conjunctiva; d.h.g., duets of the 
Harderian gland; d.l.g., ducts of the lacrymal gland; 
€., eye; e.c., eye corner; e.f., external fornix; el., eye- 
lid; f., dorso-ventral folds; h.c., hyaline cartilage; h.g., 
Harderian gland; i.f., internal fornix; ‘l.g., laerymal 
gland; m.g., mucous glands; .m., nictitating membrane; 
0.8., optic stalk; p.f., dorso-ventral fold; p.fw., dorso- 
ventral furrow; p.t., pyramidalis tendon; s., swelling 
(due to glandular elements and distended sinus of the 
nictitating membrane) ; s.c.e., sclerotic coat of eye; 8.g., 
sand grains; s.m.n., sinus membrane nictitantis; f.s.e., 
thickened stratified epithelium. 





membrane, and they are usually drawn back across 
the eye with deposition occurring anteriorly rather 
than posteriorly. Further, the surface of the mem- 
brane adjacent to its free edge is troughed in such. 
a manner that particles may be caught in these fur- 
rows to be earried forward (Fig. 7, f., 8). 

Uma is not unique in this method of sand elimina- 
tion. A similar mechanism is inferred for Uta 
stansburiana and Callisaurus draconoides gabbii on 
the basis of sand pellets found in the eye corners. It 
is my opinion that this device may be quite general 
among lizards. It is of special importance, however, 
in sand-dwelling forms. 
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Structure of the Nictitating Membrane 


Following the observations on the action of the 
nictitating membrane in the voidance of sand pellets, 
attention was directed toward its strueture, in an 
effort to obtain a clearer conception of its function and 
relationship to the eyelids and other orbital features. 

Conspicuous features of the membrane as repre- 
sented by Uma are: (1) The highly vascular nature 
of portions of the tissue; (2) the troughs which open 
anteriorly and extend in a dorso-ventral direction 
across the membrane; and (3) a prominent support- 
ing bar of hyaline cartilage that eonforms to the 
curvature of the eyeball and is imbedded in the upper 
portion of the membrane. 


Gross Morphology 


The shape of the membrane in Uma, as in other 
reptiles and in birds, is roughly triangular. The one 
free corner is prolonged diagonally ventro-posteriorly 
as the pyramidalis tendon (Fig. 7, A., p.t.). This 
tendon is broad and flat, lying close to the eye, and 
is discovered with difficulty in gross dissection. It 
passes dorsally to the optic stalk and in contact with 
it. The tendon passes around the globe, attaching 
in an antero-dorsal position on the interorbital 
septum. 

In Uma the palpebral surface possesses two rather 
prominent dorso-ventral folds (Fig. 7, f). One lies 
adjacent to the first and somewhat more anterior in 
position. These folds are free along their anteriorly 
directed edges, but not posteriorly. In a frontal 
section of the eye region then, the surface of the 
nictitating membrane would appear to be barbed 
(Fig. 8). The ventral portion of the second fold is 
located on the side of a prominent swelling which 
appears at the base of the membrane where it at- 
taches loosely to the anterior eye corner (Fig. 7, s). 
A prominent supporting cartilage bar extends hori- 
zontally across the upper part of the membrane. 

During periods of intumescence, the swelling just 
described becomes more pronounced, and numerous 
blood channels appear beneath its surface. Similar 
blood channels become conspicuous along the dorso- 
ventral folds previously mentioned. 

The base of the nictitating membrane in Uma is 
invaded by two glands. The Harderian gland is 
largely ventral in position and embraces the anterior 
portion of the globe (Fig. 7). It extends some dis- 
tance posteriorly behind the eyeball and invades the 
base of the nictitating membrane adjacent to its in- 


ternal surface. Ducts empty its seeretion into the 
internal fornix (Fig. 9). The laerymal gland is 
located at the base of the membrane beneath its 


palpebral surface, opposite the Harderian elements. 
Its secretion is poured into the external fornix. Be- 
tween these glands and among their tubules is found 
the greater part of the sinus membranae nictitantis. 

It is primarily these glands which give prominence 
to the base of the nictitating membrane when undis- 
tended with blood. The blood channels which appear 
in this tissue and in the folds of the palpebral sur- 
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face are the result of engorgement of the sinus mem- 
branes nictitantis and its ramifications. 

A detailed description of the micro-anatomy of the 
membrane would serve little purpose. Attention to 
the illustration (Fig. 9) will give the essential in- 
formation on this aspect of structure. It may be 
pointed out, however, that the basal portion of the 
membrane which habitually comes into contact with 
sand-grains is covered with a somewhat thicker strati- 
fied epithelium. 


THE ParRIETAL EYE 


Although the parietal eye of existing Lacertilia is 
generally considered as a “degenerate” or vestigial 
organ, the external appearance of the structure in 
Uma is so strikingly like that of the paired eyes that 
functional possibilities were suspected (Fig. 10). 
Certain aspects of the behavior of Uma further en- 
couraged this suspicion. 

The lizards frequently lie buried beneath the sand 
with only the top of the head exposed. When so 
submerged the parietal eye is in a position to receive 
light at a time when the paired eyes are covered 
with sand. These facts seemed to be of sufficient 
importance to warrant a rather extensive study of 
the organ. 


Morphology of the Parietal Organ in the Genus 
Uma—External Morphology 


The parietal eye of Uma is located dorso-medially 
on the head, just posterior to the eyes. The pineal 
seale, in which the eye is situated, may be as much 
as 2 mm. in diameter in an adult animal and is sur- 
rounded by many small, almost granular, 
which form a bed in which the parietal plate stands 
out in contrast (Fig. 10). 

In dorsal aspect, the seale is usually slightly con- 
cave, with a median conical elevation which may be 
designated as the corneal papilla, since it resembles 
the cornea of the functional vertebrate eye. Chroma- 
tophores are absent in this region but are present 
peripherally in the seale tissue. The integument 
which comprises the cornea is transparent, making 
it possible for one to see certain of the internal 
features of the eye through this tissue. 

Upon examining the parietal eye of Uma under 
the dissecting microscope, the striking resemblance 
of the organ to a funetional eye is apparent. A 
black spot is present which resembles a pupil about 
which is found a cireular yellowish region suggestive 
of an iris. However, this similarity in structure is 
for the most part only apparent as will be made 
clear later. 


seales 


Relationship of the Parietal Eye to Adjacent 
Structures (Skull and Brain) (Fig. 11) 


The pineal foramen of the skull of the adult may 
vary in shape but is often triangular with one angle 
direeted posteriorly (Fig. 12). Its anterior side is 
formed by the frontal bone; the other two by the 


parietals. Its greatest measurement (usually along 
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A. Close up of the parietal scale of Uma inornata. The parietal vesicle lies beneath the central trans- 


parent area, appearing as a black pupil-like spot surrounded by a lighter iris-like area. B. Dorsal aspect of the 
head of Uma inornata showing the position of the parietal scale. (Photos by R. B. Cowles.) 


the anterior margin) corresponds roughly to that of 
the pineal scale which lies directly above it. The 
parietal bones posterior to the eye are relatively thin, 
and even in adult animals frequently may be unossi- 
fied centrally, so that there appear additional. open- 
ings in the bone of the eranial roof. In young 
individuals the eranial roof is ossified at the periph- 
ery only, the greater part of the dorsal surface of 
the cerebral region of the brain being without a bony 
covering (Fig. 12, B). 
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_Fic. 11. Median sagittal section through the head of 
Uma inornata showing the relationship of the parietal 
eye to the brain. b., bone; c., cerebrum; cb., cerebel- 
‘um ; €., epiphysis; g., glottis; h., hypophysis; m., man- 
dible ; med., medulla; mo., mouth; o., oesophagus; 0c., 
Optic chiasma ; o.t., olfaetory track; p., pharynx; p.n.p., 
position of the nasal passage; p.o., parietal organ; p.s., 
parietal scale; p. st., parietal stalk; v. 3., 3rd ventricle. 





B 


Fie. 12. A. Dorsal aspect of the skull of an adult 
Uma inornata, showing the size, shape, and position of 
the pineal foramen. Note the incompletely ossified 


parietal bones (stippled areas). B. Cranial region of 
a juvenal.. Note the extent of the unossified area. 


In addition to the periosteum, the bones of the 
cranial roof are covered externally by the integument 
and internally by the heavily pigmented dura mater 
of the brain. These layers come into contact in the 
region of the pineal foramen. The parietal vesicle 
(to be described in detail later) appears to lie in 
contact with the subepidermal tissue of the integu- 
ment in the mid-region of the pineal seale. Pig- 
mentation of the dura mater ends rather abruptly a 
short distance within the boundaries of the overlying 
parietal plate. Since few chromatophores oceur in 
the skin near the corneal papilla, an area of trans- 
lucence appears about the parietal vesicle. This is 


readily appreciated when the brain roof with its bone 
and membranous layers intact is held up to a source 
of light. If viewed in this manner, a halo of trans- 
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lucence is seen about the parietal vesicle. The vesicle 
appears as a black dot set off from the opaque heavily 
pigmented brain roof by this ring of transmitted 
light. Thus light may penetrate to the cranial eav- 
ity, illuminating the brain at the pineal foramen. 
Since the parietal eye is situated above the anterior 
portion of the cerebral hemispheres, it is this portion 
which is most directly illuminated (Fig. 11).  Pos- 
sible implications associated with this phenomenon 
are discussed on a later page. 


Microscopic Structure (Fig. 13) 
Parietal Vesicle 

The morphology of the adult parietal eye of Uma 
is comparable in its general relationship to that of 
the functional lateral vertebrates. There is 
present a corneal region, a well defined lens, an inner 
chamber between the lens and the retina, 
a vitreous body, and a distinct retinal layer 
is backed by an investment of connective 


eves ot 


possessing 
which 
tissue. 
These are structures associated with well developed 
visual receptors. 

Conspicuous diserepanices in general form as com- 
pared to the functional eye are, however, readily 
ticed. There is no structure which can be compared 
with an iris; the anterior and posterior chambers of 


no- 


Fig. 13. 
nuclei of 
g.0.N., 
n.f., nerve fibers 
cells (Ritter’s zone 
parietal vesicle; s.c., 


cell, 


connective tissue cells; c.t.cap., 
(Ritter’s zone 
V); ret.e.n., 
stratum 


FET); p., 
nuclei 
corneum ; 
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Transverse section through the parietal 
connective 
nucleus of ganglion cell (Ritter’s zone II); 

pigment; p.c.n., nuclei of pigment cells; 
of retinal cells (Ritter’ 
8.g., stratum germinativum ; 


Ecological Monographs 
Vol. 14, No. 3 


STEBBINS 
the eye are completely absent, the convex externally 
directed surface of the lens being in direct contaet 
with the corneal tissue; and pigmentation is heaviest 
toward the inner portion of the retina in the position 
occupied by the fiber zone of the functional 
These pigment granules stand between the source of 


eye. 


light and the retinal cells, rather than behind the 
sensory layer, as in the funetional vertebrate eye. 


No technical treatment has been employed capable of 
revealing any nervous tissue in the pineal stalk which 
connects the eye with the brain and the existence of 
such tissue is therefore exceedingly doubtful. 


Cornea 

The corneal region is composed of an integument 
similar to that which covers the body as a whole. It 
appears as a low conical elevation approximately 
central in location in the pineal seale. The tissue of 
the seale and cornea is continuous and is similar in 
structure. However, the epidermis of the 
ment tends to be somewhat thicker in the 
the corneal elevation, thinning peripherally. 
stratum germinativum of the corneal 
posed of several cell layers. The innermost possesses 
for the most part rounded nuclei. The nuclei in the 
layers above this basal stratum tend to be elliptical 

shape, many of the outermost becoming elongate, 
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a few adjacent to the stratum corneum appearing as 
amorphous elongate darkly staining objects. The 
thin stratum corneum is translucent, with few nuclear 
remnants (Fig. 13). 

The sub-epidermal tissue of the corneal region 
possesses no chromatophores although these strue- 
tures are abundant in adjacent areas. Ritter (1890) 
observed a similar absence of pigment in this region, 
in his investigation of Phrynosoma douglassii, P. 
coronata, and Uta stansburiana. 


Lens 


The lens is a well-formed structure. It is biconvex 
in shape, the outer curvature often slightly more 
pronounced than that of the interior face. In micro- 
scopie sections it may be distinetly separated, later- 
ally, from the retinal wall, but this is due to rupturing 
of the tissue at the point of contact between the 
lens and retina. In the living state the lens is con- 
tinuous with retina, and the space observed in pre- 
served material is due to shrinkage. Its inner face 
is free, projecting into the cavity of the vesicle. The 
outer surface is in direct contact with the sub- 
epidermal tissue of the cornea. 

The cells which compose the organ are much elon- 
gated, suggesting the fibers of functional lenses (Fig. 
13, Lf.). The nuelei of these cells are relatively 
large and are predominantly elliptical in shape. They 
are most numerous near the inner surface, becoming 
progressively less abundant toward the external face. 
Nuclei are usually completely lacking adjacent to the 
external surface. The disposition of nuclei and the 
appearance of the lens fibers suggest a columnar 
epithelium, with the nuclei tending to occur in a 
basal position in the cells. The distal ends of the 
lens fibers are directed toward the corneal tissue. 

In some lizards pigment has been found in the 
lens. None of the Uma examined exhibited this 
condition. 


Cavity of the Vesicle 


The shape of the vesicular chamber of the parietal 
eve resembles in section the letter C. A cast of this 
eavity would appear as a shallow cup. The material 
of the cast would be thickest through the center of 
the bottom, thinning peripherally. The distance from 
the inner surface of the lens to the surface of the 
retina is usually about the same as the width of the 
lens. 

The parietal cavity possesses a vitreous body which 
has been revealed both by gross dissection and micro- 
scopic study. The presence of a substance compara- 
ble in position and general composition (i.e., pres- 
ence of cells (Fig. 13, v.c.) and viscosity) to the 
vitreous humor of the functional eye has thus been 
established. 


Retina 


The retina is a shallow cup-shaped structure, thick- 
est centrally. In life, it is continuous with the lens. 
I find it comparable to the structure in Phrynosoma 
douglassii described by Ritter (1890) and to the 


parietal organ of Anguis fragilis described by Nowi- 
koff (1910). Following the plan of description used 
by Ritter, certain retinal zones are encountered as 
one proceeds internally from the external surface of 
the vesicle. The external limiting membrane (or 
basement membrane) described by Ritter for P. 
douglassii was not convincingly demonstrated for 
Uma but it is probably present. The second zone, 
which is characterized by a single layer of rather 
large round nuclei sparsely placed and heavy pig- 
mentation in P. douglassii, is present in Uma, but 
pigmentation is slight. This zone is the region in 
which ganglion cells were found by Nowikoff. The 
cells present in Uma in this area appear to be of 
this type. This zone is followed by a narrow region 
(Ritter’s zone III) which is essentially free from 
nuclei but with pigment granules present in small 
numbers. Ritter described this zone as unpigmented 
in P. douglassii. It- corresponds to the nerve fiber 
region of Nowikoff. Nerve fibers are present in this 
region in Uma (Fig. 13, n.f.). Ritter’s zones IV and 
V, based largely on differences in nuclear shape, are 
likewise present. In P. douglassii zone IV is char- 
acterized by many round nuclei and zone V_ possesses 
elongate nuclei, many of which extend to the internal 
limiting membrane of the retina. Both of these zones 
also occur in Uma (Fig. 13, ret. c. n. and r. c.). The 
latter zone is composed of rod cells according to 
Spencer (1887) with numerous pigment granules 
usually obscuring the region. Heavy pigmentation 
in this area is also described for Anguis fragilis by 
Nowikoff. In Uma, pigment is likewise abundant at 
this level of the retina. These granules, which appear 
to be identical in nature with those found in the 
chromatophores of the skin, in the dura mater, and 
in the epiphysis of the brain reach a tremendous 
degree of concentration in this region. It is diffieult 
to see how light stimuli could be transmitted to ret- 
inal receptors through this interposing sereen unless 
there were a shift in the position of the pigment at 
the time of stimulation. 

Several small blood vessels pass from the epiphysis 
to the parietal eve. However, there appears to be 
little vascularization of the tissue about the vesicle 
which stands in. contrast to the condition found by 
Ritter in the two species of Phrynosoma. 

The parietal vesicle is surrounded by an investment 
of connective tissue which, laterally, appears to be 
continuous with the connective tissue of the dermis. 
This investment is extremely thin between the lens 
and the cornea and rarely can be differentiated from 
the tissue of the corium. 


Pineal Stalk (Fig. 11) 


In adult as well as juvenal lizards a definite con- 
nection exists between the epiphysis and the parietal 
vesicle. Although the pineal stalk is extremely slen- 
der, it is large enough to be easily seen with the 
unaided eye, in diameter appearing about as big as 
a human hair. In the fresh condition it is yellowish- 
white in color. Frequently I have dissected out the 
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stalk from its attachment to the roof of the cranial 
cavity, using only macrodissection technique. 

The stalk originates from the anterior end of the 
epiphysial vesicle (Fig. 11, e.) and becomes some- 
what more slender in the region of the eye. It is 
held in place by connective tissue fibers which bind 
it to the cranial roof throughout its length. Pigment 
granules tend to accompany it across the translucent 
area to the parietal vesicle. 

As a rule with adult lacertilians the parietal nerve, 
which passes from the retina of the eye to the com- 
missura habenularis of the brain, has been lost. But 
Spencer (1886 and 1887) and others hold that there 
is a nervous connection between the brain and vesicle 
in Lacerta, Sphenodon, and Varanus. Leydig (1889), 
referred to by Spencer, disagrees, however, with this 
conclusion for Varanus and Lacerta, and claims that 
in these cases the structure is not a nerve but rather 
a strand of connective tissue. Strahl and Martin 
(1888) and likewise Francotte (1897) likewise men- 
tioned by Spencer, describe a nerve for Anguis 
fragilis. 

Nerve fibers have not been convincingly demon- 
strated in Uma. The pineal stalk in this genus ap- 
pears to be essentially a connective tissue strand, 
accompanied by several small blood vessels which ap- 
pear to enter the connective tissue investment of the 
retina. Nevertheless, on the assumption that a nerv- 
ous connection does exist between the brain and the 
pineal eye several functional possibilities for this 
organ may be considered. 

The structural similarity of the organ as compared 
with the functional paired eyes, suggests that the 
pineal eye may act as a photoreceptor. Clausen and 
Mofshin (1939) claim such a function in the lizard 
Anolis carolinensis, on the basis of oxygen-consump- 
tion studies. According to these observers the p:neal 
proved to be of less importance in photo-reception 
than retinal and dermal receptors, but analysis of 
statistical data indicated that the organ functions as 
an agency for the perception of light in this species 
of lizard. 

Further, the organ may have secondarily become 
a thermo-receptor. The lens may serve to concentrate 
rays of infra red light on the highly pigmented ret- 
ina. The dark pigment granules which are e!ustered 
about the receptor cells would tend to absorb heat 
or invisible light. The stimulation transmitted to 
the adjacent receptor, then, would be a thermal one. 
Attempts to demonstrate by means of photographie 
plates the absorption of infra red vibrations by the 
parietal organ have yielded only negative results. 

The life activities of reptiles are dependent on 
temperature. No specific organ has been associated 
with thermo-reception in the Lacertilia, the skin be- 
ing generally accepted as reacting to thermal sense 
stimuli. Animals so dependent on temperature might 
possess a specific organ for the detection of thermal 
changes. Thus as early as 1886 Rabl-Riickard sug- 
gested that the parietal organ might be of use in 
furnishing its possessors with more delicate means of 
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detecting differences of temperature than exist any- 
where else in the body. 

A still further possible function has been asso- 
ciated with this organ by Ritter (1890). According 
to this writer, blood sinuses in the pineal region of 
certain lizard species suggest a physiological function 
for the organ. In Phrynosoma douglassii such blood 
spaces appear to oceur in the retina. In P. coronata 
they occur there and also beneath the organ. In 
many lizards a_ blood situated the 
epiphysis. Only the epiphysial blood sinus appears 
to be well developed in Uma. 


sinus is above 


Experimental 


With the previously mentioned funetional possi- 
bilities in mind, an experiment was devised to test 
the validity of certain of these speculations. 

Although, as a consequence of the anatomical 
studies, the nervous nature of the pineal stalk was 
much in doubt, the following experiment was _ per- 
formed in an attempt to obtain a response through 
stimulation of the retinal cells of the parietal organ. 

Sunlight was admitted to a darkened room through 
a small aperture in a southeast facing window (Fig. 
14). This light was directed from outside by a sys- 
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Fig. 14. Apparatus used in projecting a pin point 
of sunlight on to the parietal organ of Uma. 





tem of mirrors into a sand box oceupied by Uma. 
The light from the last mirror was reflected down 
through a water chamber, which was used to absorb 
heat, and then through a large, 4-inch, simple mag- 
nifying glass which was employed to project a pin 
point of light onto the surface of the sand. With a 
camel hair brush the operator carefully dusted the 
sand from the head of a buried lizard exposing only 
the parietal organ. The amount of water in the heat- 
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absorbing chamber was adjusted until the temperature 
of the point of light was comfortable to the finger- 
tip. The light was then brought to bear on the 
parietal eye. The lizard evidenced no outward sign 
of any stimulation. This experiment was repeated 
many times on different individuals at different body 
temperatures, all with negative results. 

The temperature of the light was increased to a 
point which caused the animals, after a few moments 
irradiation, to jerk the head under the sand. The 
region of the parietal organ did not appear to be 
significantly more sensitive to heat than other parts 
of the integument in the cranial region. 


Conclusion 


The study of the parietal organ in Uma lends sup- 
port to the general view that in all living forms the 
third eye is an organ which has undergone retrogres- 
sion. Although the vesicle is well developed in Uma, 
the pineal stalk is little more than a slender con- 
nective tissue strand. If nerve fibers are present, 
they are exceedingly few in number. 

On the other hand, reflection on the habits of the 
lizards suggests a probable function performed by 
the general area oceupied by the organ. The trans- 
lucence of the integument surrounding the vesicle and 
the thinness of the eranial roof, bone being largely. 
absent in this region in juvenals and very thin in 
adults, bring the dorsal surface of the brain into 
proximity to external changes in temperature. Suit- 
able temperatures are necessary for the maximum 
functional efficiency of the brain as well as of the 
effectors, muscles and glands. It is important that 
the brain and the nervous system be ready to operate 
when the muscles and other tissues have warmed up 
to the point of efficiency. A lag between these events 
would lead to uneoordinated and ineffective move- 
ments. The clumsy uncertain movements of a lizard 
which has been disturbed on a cold morning are 
familiar to most students of reptiles. This lack of 
coordination is probably due as much to the condition 
of the nervous system as it is to that of the effectors. 

In nature a submerged lizard, which has passed 
through the low temperature of a cold night, is 
warmed into activity by the penetration of warmth 
from the sun’s rays. The brain, covered by little 
more than a thin layer of integument, would readily 
become warm and would be ready to function in ¢o- 
ordinating the movement of the muscles. 


HEARING 


Detailed studies have not as yet been carried out 
on the anatomy of the middle and internal ear of 
Uma. Observational and experimental data suggest, 
however, an acute auditory sense in these animals. 

The following observations were made on eaptive 
specimens. 


Subsurface Detection of Sound 


During the feeding of a single individual, several 
other buried lizards responded to vibrations pro- 
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duced in the sand by the surface movements of meal 
worms (Tenebrio molitor larvae). One worm, which 
had escaped the notice of the feeding lizard, began 
to crawl across the sand to one side of the cage. The 
head of a subadult Uma broke through the surface 
adjacent to the route of this larva (about 8 em. dis- 
tant). The animal looked about alertly for a moment 
and then dashed out of the sand to seize the prey. 
A second buried lizard responded in a similar fashion 
as a meal worm approached its position. 

On another occasion the behavior of a submerged 
lizard in response to sounds suggested the possibility 
that the animals may be able to determine, with 
accuracy, the location of insect food on the surface. 
A well-developed directional sense appears to be 
present. 

The location and orientation in the sand of an 
adult individual was known. A meal worm was 
placed on the surface directly back of the lizard, 
about 3 inches behind the animal’s head. The worm 
was kept in this location by probing with a slender 
wire. After a few minutes the lizard broke suddenly 
from the sand and, almost in one movement, wheeled 
about and seized the food. 

Further support for the probability of directional 
sound-determination through sand came about acci- 
dentally. A meal worm had been dropped into a 
shallow depression near which a lizard was known 
to have buried itself. Before the expected response 
of this animal, a juvenal appeared in a depression 
some 15 inches away. This individual ran over the 
hump between the two depressions to seize the meal 
worm. There was no hesitation or observable un- 
certainty as to the location of the food; the lizard 
ran directly to the prey, the location of which must 
have been determined by some other means than sight, 
since a heap of sand obstructed its vision. 

Buried lizards responded to a medium-pitched 
whistle. On numerous oceasions it was possible to 
cause submerged animals to lift their heads out of 
the sand in response to whistled notes. It is possible, 
however, that the vibrations may have been amplified 
by vibration of the sides of the box in which the 
lizards were housed. This box was 30 x 30 x 120 em. 
made of 14-inch white pine lumber. The entire front 
was heavy glass. The top was hinged and kept open 
during experiments. About 4 inches of sand was 
placed in the bottom of the cage. 

A number of times a shrill whistle (not a pure 
tone), about 515 vibrations per second, stimulated 
animals to submerge. Such individuals showed, by 
movements, obvious discomfort or uneasiness from 
the sound, before resorting to submergence. On the 
other hand, on several occasions buried animals 
emerged from the sand following such whistles or 
were stimulated into shifting their positions without 
coming to the surface. 


Surface Detection of Sound 


Satisfactory evidence has been gained that Uma 
ean detect sounds transmitted through the air. On 
many oceasions the closed eyes of lizards basking 
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under a lamp placed at one end of the cage were 
opened in response to a whistle or snapping of the 
fingers. 

The ability to detect, while submerged, the sounds 
produced by animals on the surface is of value for 
Uma in the procurement of 
enemies. 


food and in avoiding 


Since Uma can produce a sound when sand is ex- 
pelled from the nasal passages, following a period 
of submergence, the possibility of communication be- 
tween these animals suggests itself but no data have 
as yet been obtained to support this view. 


LOCOMOTION 


Locomotion of Uma within its aeolian habitat may 
be considered from two aspects, subsurface or fos- 
sorial locomotion and surface movements. The modi- 
fications in body form, sealation, and limbs are such 
as to facilitate and within the 
substratum. 


progress on loose 


Surface Locomotion 


Uma moves over the surface of the sand with the 
limbs operating in the primitive position, i.e., ex- 
tending out to the sides rather than under the body. 
Although the lizard is relatively heavy-bodied and 
the soil loose, it is capable of attaining a surprising 
speed over the sandy surface. One medium sized 
individual was clocked at twelve miles per hour on 
one occasion. 

When an individual is running rapidly most of the 
weight is supported by the hind limbs, the front feet 
being used only occasionally to aid in maintaining 
balance. The tail is elevated off the sand but the 
tip may occasionally touch the ground. Movement 
is thus essentially bipedal during accelerated loco- 
motion. 

When the animal moves more leisurely, all four 
feet are placed on the ground, but the appearance 
of the footprints suggest that most of the body 
weight is borne by the hind feet. 

Mosauer (1935) and others have pointed out that 
the digital fringe seales give an increased surface to 
the foot and thus greater support on a shifting sub- 
stratum (Figs. 18, 19). Examination of the tracks 
made by Uma and observation of animals which were 
moving slowly enough over the sand to permit seru- 


tiny of foot action lead to doubts concerning the’ 


validity of this interpretation. It was thought from 
these observations that the animals ran on their heels 
rather than on their toes. An experiment was de- 
vised to make clear the action of the foot in rapid 
locomotion over the sand. 

Sandy soil provides inadequate impression for 
study, the imprint of the individual toes not show- 
ing. Therefore, a mud plot (3 x 4 meters) was pre- 
pared of such consistency that a slight contact, even 
of a small object, would leave a mark in the mud. 
An adult Uma was then tethered on the end of a 
6 meter length of string. The animal was sufficiently 
warmed so that it exhibited what appeared to be 
normal activity. This individual was placed at one 
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end of the plot and released. It ran quickly across 
the mud until restrained by the string—held by the 
experimenter. The tracks made were thereupon ex- 
amined. The marks produced proved earlier obser- 
vations to be correct. The imprint of the toe nails 
and the toes was conspicuous. At no place could a 
well defined heel mark be discerned though the experi- 
ment was repeated several times, 
individuals. 


using different 


The weight of the animal was being 


Fig. 15, B 


supported almost entirely on the toes. 
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Fig. 15. A. Diagram depicting the movements of the 
limbs during surface locomotion in the genus Uma. 


Compare the track produced with that in Fig. 16. B. 
Foot print of Uma copied from the impression of the 
hind foot in mud. 


shows the imprint of the hind foot as made in the 
mud. Note that at no point does a heel mark appear. 
The fringe-seales are operative in surface locomotion. 
Thus the observations of Mosauer and others were 
confirmed. 

Tracings in the mud produced by the tail appeared 
consistently only in the first part of the track. Ap- 
parently as the lizard got up speed the tail was 
elevated, so that it rarely touched the ground. 

The tracks left by an animal are often of consider- 
able value to the field naturalist in piecing together 
information on its activities. Information on size of 
the individual, speed and direction of movement, be- 
havior, encounters with enemies, ete., can be obtained 
by “track reading.” An interpretation of the marks 
produced by Uma in surface locomotion follows: 

Although the lizards run on their toes, the loose 
substratum of the habitat retains little impression of 
the individual digits (Fig. 16). Instead, a rounded 
depression is produced which ean be easily duplicated 
by poking a finger into the sand. It was the shape 
of this mark that had suggested the heel-running 
tvpe of locomotion. 

The impressions made by the hind feet are several 
times larger than those of the forefeet. As was men- 
tioned earlier, the forefeet are used infrequently in 
‘rapid locomotion. When employed, marks produced 
by them usually appear behind those of the hind 
feet or, in some eases, they may be partly obliterated 
by the superposition of the impressions of the latter. 
On the right-hand side of Figure 16, a mark made 
by the right forefoot can be seen posterior to that 
made by the posterior limb. 


Sand-swimming Activities 


The directional movements of a fossorial animal 
may be considered from two aspects, viz.—(1) dis- 
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Fic. 16. Track made by Uma when running over 
the sand. The direction taken by the lizard can be 
determined by noting the position of the occasional 
marks of the front feet. They occur posterior to the 
impression of the hind foot. The small dent in the sand 
on the right of the picture was made by the right fore- 
foot. The undulating mark between the foot prints was 
produced by the tail. Relative size is indicated by the 
5 cent piece. (Photo by R. B. Cowles.) 


placement in a horizontal plane, and (2) shifts in 
position vertically. In Uma, subsurface locomotion 
appears to be confined to very limited movements in 
both of these planes. Mosauer (1935) states that he 
has never seen Uma move horizontally in the sand 
for distances greater than several times the total 
length of the lizard. I have found no movements 
to exceed this. The animals do not swim, mole-like, 
beneath the surface, except to a very limited extent. 
Ordinarily forward progress ceases when submergence 
is complete. 

Movement vertically is frequently limited by com- 
pacting of the sand below a loose superficial layer, 
5 or 6 em. thick. Capillary water, seeping up from 
below, cements the sand particles weakly below the 
surface. In sand-swimming the lizards confine them- 
selves largely to this dry loose surface material. 
This method of locomotion is such that, by this means, 
only the penetration of loose material appears to be 
possible. Captive animals are unable to submerge in 
sand which has been thoroughly wetted. Sand- 
swimming is restricted when the sand is moistened 
by rains. At such times the lizards may excavate 
their own burrows or retreat to those made by certain 
rodents such as Citellus or Dipodomys. 

When the animals are warm they move so quickly 
in swimming into the sand, that they appear to 
plunge beneath the surface in one movement. Colder, 
more slowly moving individuals give a better picture 
of the sand-swimming response. The pattern of be- 
havior is constant in sand submergence, and is a 
similar one regardless of its speed of execution. In 
rapid submergence the several movements involved 
are performed so quickly that they may be missed. 

In diving into the sand, Uma employs a downward 
thrust of the shovel-shaped head accompanied by 
rapid and vigorous lateral movements executed by the 
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well-developed muscles of the neck region. The 
shape of the sides of the head are important in sub- 
merging by lateral movements (Fig. 4). The sides 
of this organ possess a ridge which facilitates its 
movement through the sand. The rostral and upper 
labials are assoc-ated with this projecting sharp edge. 
The edge divides the surface of each labial shield into 
an upper part, facing up and sideways and a lower 
part, facing downward. The lower labials are at 
about the same level as the lower surface of the 
uppers, due to the counter-sunk nature of the lower 
jaw. The sloping forehead serves to guide the lizard 
downward into the sand. 

In coordination with the head and neck movements, 
the powerful hind limbs are alternately pushed 
against the soil. These limbs provide most of the 
propulsive force in submergence and sand-swimming 
since the forelegs are not employed and are appressed 
to the sides of the body, with the palms turned in- 
ward (Fig. 17). When submergence is accomplished, 
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Fig. 17. Position assumed by Uma when at rest be- 


neath the sand. The forelimbs are appressed to the 
sides, the hind limbs flexed. 


the hind legs are flexed. The animal is thereby pre- 
pared for rapid abandonment of its hiding place. 
As forward movement ceases, the lizards invariably 
vibrate the tail. The tip of this appendage is the 
last portion of the animal’s body to become quiescent. 
The tail movement and the depressed nature of this 
organ facilitate its disappearance in the sand. The 
tail is usually completely concealed by this action. 





The pattern of sand-swimming—lateral movements 
of head, forelimbs appressed to sides, propulsive 
action and final flexion of the hind limbs in conjune- 
tion with lateral vibration of the tail—is a behavior 
pattern that is well defined, recurring with little 
variation in both juvenal and adult lizards. 


Action of Foot and Fringes 


The structure and action of the hind feet and their 
digital fringes play an important roéle in effective 
sand-swimming as developed by Uma. The second, 


third, and fourth digits of the front feet are fringed 
with scales which increase in length progressively on 
the successive toes, the fourth being most conspic- 
uously fringed. The toes of the hind feet are elon- 
gate with the second, third, and fourth progressive in 
development of fringes; the greatest development 
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Fig. 18. 
fringe-scales. 
marginal fringe. 


Right forefoot of Uma showing the digital 
Note the valvular arrangement of the 
(Photo by R. B. Cowles.) 





Fig. 19. 
The foot and fringe-scales are in the position they as- 
sume when the foot is drawn forward through the sand. 
(Photo by R. B. Cowles.) 


Right hind foot showing the digital fringes. 


occurs on the posteriorly projecting seales of the 
fourth and longest toe; the fifth toe is without 
fringes (Figs. 18, 19). Cowles (1941) drew atten- 
tion to the possible importance of these fringes in 
subsurface locomotion and pointed to the valvular 
nature of their action. 

The following account describes the action of the 
foot and the valvular fringe in the propulsive move- 
ment of the hind limb: 

As the foot is moved forward through the sand, it 
assumes the form of an entering wedge, with the 
metatarsal region forming one side, and the toes, 
extending back from their juncture with the meta- 
tarsus forming the other. The toenails are so eon- 
structed that their edges are presented to the sand 
as the foot is drawn forward, thus reducing the 
friction from these structures. The seales forming 
the fringes of the toes are folded back by the re- 
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sistence of the sand. These mechanical adjustments 

reduce the friction between the foot and the soil. 

When the thrust of the foot is reversed for the 
push that propels the lizard forward, a maximum of 
foot surface is presented: The toes tend to form an 
obtuse rather than an acute angle with the longi- 
tudinal axis of the metarsal region; the broad flat 
surfaces of the toenails are presented to the sand; 
and the fringing seales are forced out to the sides 
of each toe. 

In connection with the digital fringe-seales, a 
mechanical feature tends to inerease the rigidity and 
thus the effectiveness of these fringes when they are 
extended by the propulsive stroke of the foot. The 
seales situated on the toes dorsal to the fringe seales 
are relatively fixed in position and tend to brace 
these structures by resisting their upward movement 
(Fig. 20). 








Cross-section through the 4th hind toe, in- 
cluding fringe-scales. A. Position of digital fringe- 
scales when toe is drawn forward through the sand. 
B. Position of the scales during the propulsive stroke 
of the foot. b., bone; f.s., fringe-scale. 


Fig. 20. 


Over most of the body the sealation of Uma is 
smooth-granular, which reduces the friction in loco- 
motion through the sand. But in eertain limited 
areas, the scales are larger, acuminate, and project- 
ing. Such regions present a rough surface to the 
sand during submergence. It happens that those 
surfaces which are moved against the soil in propul- 
sion are those which possess these projecting scales. 
They occur on the shoulders, cuter part of the hind 
leg just below the knee, and on the inner portion of 
the hind leg above the heel. These roughened sur- 
faces facilitate submergence. 
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A paralyzed captive lizard was able to bury itself 
in the sand, though its hind limbs dragged helplessly. 
This capacity appeared to be due in part to the effec- 
tive use of the roughened shoulder surfaces which 
were swung laterally from side to side, along with 
the action of the head, in the normal sand-swimming 
behavior of the anterior portion of the body. 

The rapidity with which Uma is eapable of sub- 
mergence must be of considerable value in escaping 
from predators. The sudden disappearance of the 
animals, leaving few surface clues as to the point of 
burial, probably results frequently in abandonment 
of the prey by the predator. In collecting I have 
often had to remove systematically the sand in a 
region where a lizard had disappeared in order to 
collect it, because of the lack of indications as to 
the precise place of submergence. Unless the buried 
lizard is quickly uncovered, tracks and irregularities 
on the surface may soon be obliterated by wind 
action. 


CAMOUFLAGE 


As with certain other reptiles, Uma exhibits a 
striking conformity of general body-color and _ back- 
ground. Members of the Uma notata notata popula- 
tion occupying the reddish sands of Yuma, Sandy 
Beach, and other regions, tend toward a_ reddish 
brown color. On the other hand, Uma inornata 
and U. scoparia, inhabiting whitish sands, are light- 
colored and difficult to see against their natural 
backgrounds. 

In addition to this general color resemblance be- 
tween the general color of the body and the sandy 
background, the pattern of spots further contributes 
to effective concealment (Fig. 1). Although these 
ocelli are conspicuous when the lizards are held in 
the hand, they merge with the scattered fragments 
of hornblende, mica, and other dark particles which 
form an important part of the sandy deposits, when 
the lizards are seen against such a background. At 
such times the animals may frequently be overlooked, 
until a movement indicates their presence. 

The behavior of Uma contributes further to con- 
cealment in its habitat. As is the ease with many 
animals when startled, the response may be such as 
to conceal the conspicuous shadow east. On a num- 
ber of occasions I have come upon individuals which, 
rather than relying on flight for escape, have de- 
pended upon their concealing coloration. The effec‘ 
tiveness of such coloration, however, is reduced if 
the shadow cast by the animal’s body is not obliter- 
ated. Uma, as well as many other animals of de- 
pressed body form, frequently accomplish this by 
squatting close to the substratum, thereby essentially 
covering the shadow with the body. 

In connection with the sand-swimming habit, the 
lizards may lie frequently with the body submerged 
but with the head elevated sufficiently to permit 
vision. In assuming this position, the head is lifted 
directly upward so that sand tends to remain on top 
of the organ, resulting in concealment from above. 


FEEDING 


Uma is primarily an insectivorous lizard, but eon- 
siderable plant food is taken also. During most of 
the active period, food of both types is abundant in 
the habitat. 

A summary of foods, compiled from observations 
on feeding lizards and from the stomach and feeal 
pellets, follows: 

Animal food: Plant food: 
Insects Larrea (leaves) ? 

Coleoptera Decoria (seeds) ? 

Tenebrionids Cryptantha (leaves) 
Cuculionids Chilopsis (young leaves 
Coccinellids and buds) 

Hymenoptera 

Ants 

Bees 
Hemiptera 
Orthoptera 

Grasshoppers 
Lepidoptera 

Caterpillars 


In 24 out of 30 fecal pellets investigated, were 
found one or more tenebrionid beetles. These insects 
appear to be a prominent feature of the diet of the 
lizards at Garnet. 

Feeding in Captivity 
Captive animals have been fed the following: 
Animal food: 
Millipeds Taken only when other foods 
Sow bugs are not available and then with 
Carabid beetles | noticeable distaste. 
Meal worms (Tenebrio molitor larvae) 
Cockroaches 
Flies 
Termites 
Plant food: 
Dandelion heads: Both floral liqules and winged 
fruits taken. 
Grass blades 


Under natural conditions considerable sand is in- 
gested in feeding. The stomach contents of most. 
individuals obtained in the field possessed many sand 
particles. 

Further, the stomachs of 10 animals examined 
possessed nematode worms. Unparasitized individ- 
uals possibly become infected by feeding on tene- 
brionid beetles which form a large part of the diet. 
These insects are scavengers and are known to be 
seatophagous. They may feed on the fecal masses 
of Uma. The feeal pellets of infected Uma would 
contain the nematode eggs. However, the worms. 
have not as yet been looked for in these insects. 


SELECTION OF PLACES OF RETREAT 
RopENT Burrows 


Uma is physically equipped for, and capable of 
making, excavations for retreat, yet in nature bur- 
rows are seldom constructed. I have often watched 
captive animals in their attempt to dig out of their 
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places of confinement. 
side and backward by rapid successive strokes given 
with one forelimb and then a series executed with 
the other. The heaped-up sand is pushed backwards 
with the hind limbs. In the loose soil of the habitat 
the slumping of sand into the burrow makes its 
maintenance difficult, but the capacity for digging is 
Furthermore, Dipodomys is able to main- 


The soil is seraped to one 


present. 
tain burrows in the same environment. 

Probably an explanation for the failure on the 
part of Uma to construct tunnels for retreat while 
at the same time and in the same region burrows are 
maintained by certain desert rodents, lies in the dif- 
ferent periods of activity of the animals. Uma is 
active during times of the year when the sand is dry 
and loose, such as in the spring, early summer, and 
fall. At such times, the establishment of a tunnel 
would mean the removal of tremendous amounts of 
sand in order to reach the more compacted layers 
which would support a burrow. The rodents, on the 
other hand, are active through a greater part of the 
year, including the winter months. There are many 
opportunities for tunnel construction because of the 
cementing of the surface layers associated with spo- 
radie winter and spring precipitation. Onee the 
burrow is established its maintenance requires com- 
paratively little expenditure of energy. 

Thus Uma rarely is found excavating cavities in 
the sand except following rains. Rather, the lizards 
make use of the rodent burrows, which are common 
features of the aeolian habitat. 


SAND-SWIMMING 


Retreat more frequently takes the form of sand- 
swimming, except for the very young individuals 
which seem to prefer ready-made cavities about the 
periphery of the deeper loose deposits. However, 
the juvenals soon adopt the habits of the adults. 

Where barchanes, dunes, or hummocks abound, the 
lizards are seldom uneovered on the windward side 
but rather occur more commonly toward the base of 
the more precipitous lee side of such deposits. This 
behavior prevents the excavation of the buried ani- 
mals by wind action. Cowles (1941) points out that 
during relatively long periods of submergence, such 
as during hibernation or aestivation, such behavior, 
would result in deep burial by wind-blown sand un- 
less locomotory adjustments are made. Such move- 
ments of accommodation to changing depth of over- 
lying sand have not been directly observed, but they 
are suggested by the location of captive hibernating 
individuals. 

Knowledge of this behavior in Uma has led to the 
development of an _ effective collecting technique. 
Noosing of the animals is a slow process based upon 
capture of individuals startled from the sand or of 
those which happened to be on the surface and which 
remain there. The procedure is as follows: A rake 
is employed to move quantities of sand along the 
lee side of dunes, hummocks, and other elevations. 
Raking is begun at the base of the deposit, and re- 


Ecological Monographs 


STEBBINS Vol. 14, No. 3 


moval of the sand causes a downward slumping of 
Slowly the level of the face of the aceumula- 
tion is lowered. Buried animals are gradually ex- 
posed in this way and are easily captured, ordinarily 
not taking flight until well uncovered. 

The west face of the sand heaps often provides 
the best morning collecting since the animals gather 
and finally submerge on the sunny side of the hum- 
mocks with the evening temperature decline. 

Startled animals frequently seek cover beneath 
bushes, hiding in the shadows or submerging into the 
sand beneath the branches. I have often been baffled 
by my inability to find an individual which had 
disappeared into a bush, even when there was no 
indication from tracks that the shelter had been 
abandoned. In many such eases the bush, if isolated 
and small enough, was uprooted and the sand eare- 
fully sifted through the fingers, with negative re- 
sults. Recently the discovery of several specimens 
under such conditions has provided an explanation 
which probably applies to some of the previous fail- 
ures. In these eases the lizards were found buried 
a few inches beyond the side of the bush opposite 
the place of entrance. This behavior, if a constant 
one, may be of value in eluding enemies. 

Although Uma often enters the sand facing in the 
same general direction as that assumed during sur- 
face locomotion, when alarmed both captive and field 
animals usually execute a sharp turn from the gen- 
eral course of movement in submerging into the soil. 
Such behavior probably is of distinet survival value 
in baffling predators (Fig. 21). 


sand. 





Fig. 21. 


Uma notata notata incompletely submerged 
following escape from a badger which had dug into its 


hiding place. Partial submergence was due to low tem- 
peratures. Note from its tracks that the lizard turned 
at almost a right angle to dive into the sand. (Photc 
by R. B. Cowles.) 


ENEMIES 


been obtained as 
However, the 


Little definite information has 
to the animals which prey upon Uma. 
road-runner (Geococcyx californianus) and the badget 
(Taxidea taxus berlandieri) have been definitely estab- 
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lished as predators. The shrike (Lanius ludovicianus 
gambeli), the sparrow hawk (Falco sparverius pha- 
laena) and among the snakes, the sidewinder (Cro- 
talus cerastes) and the western glossy snake (Arizona 
elegans occidentalis) are probable enemies. 

Road-runner tracks are common on the dunes and 
by their location suggest that these birds search for 
Uma. Road-runners have been observed to feed on 
the lizards. 





Fig. 22, 


tarus berlandieri) in an effort to capture a_ buried 


Excavation made by a badger (Taxidea 


lizard. In this case, the lizard escaped. Its tracks 
were followed from the badger workings to the top of 
the dune where it was found partially submerged (Fig. 
21). (Photo by R. B. Cowles.) 


Figure 22 shows the excavation made by a badger 
on the flank of a dune, in its attempt to uncover a 
buried lizard. In this instanee the prey escaped and 
its track was followed, leading from the badger 
scrapings up onto the top of the dune. In this loea- 
tion, the lizard was found half buried. Low tem- 
peratures are associated here with incomplete sub- 
mergence (Fig. 21). 

The shrike is a common predatory bird occurring 
in the habitat oceupied by Uma. It is known to 
take lizards. Sparrow hawks have been observed 
hovering over the dunes. 
ture many of the animals. 

The two snakes mentioned frequent most areas 
occupied by the Uma. Both species may feed on the 
lizards. 


These birds probably eap- 


THERMAL TOLERANCE 


Cowles (in litt) provided the following data on 
temperature. The minimum voluntary tolerance for 
Uma is 26° C. The average of the normal activity 
range, or optimum temperature is 38.3° C. 40° C. 
is the maximum observable voluntary tolerance and 
45° C. the critical maximum. Lizards subjected to 
temperatures of 45° C. or higher are incapacitated. 
Under field conditions, this may be considered the 
lethal temperature. In the laboratory, such animals 
may be cooled and revived. 

Temperature exerts a most profound effect on the 
activities of these animals. Deleterious fluctuations 
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are adjusted to by sand-swimming, retreat to bushes 
or to rodent burrows. 

Since the surface of the exposed sand of the habi- 
tat may reach temperatures well above the critical 
maximum, cover is indispensable. Mosauer (1935) 
records surface temperatures from 50-60° C. at noon 
in April and June on the top of dunes in the Coa- 
chella Valley. 


SUMMARY 


The saurian genus Uma of the southwestern United 
States and northern Mexico comprises three species, 
Uma inornata, U. notata notata, U. scoparia and one 
subspecies U. notata cowlesi. These lizards character- 
istically oceupy areas of loose aeolian sand. The 
habitat is one of extreme aridity and is typically 
sparsely vegetated. 

Retreat from enemies and deleterious temperatures 
is accomplished by sand-swimming. This behavior 
implies submergence into the sand by wriggling 
rather than by burrow or tunnel construction. 

The lizards possess numerous adaptations which 
facilitate existence under the adverse conditions of 
their environment. A brief survey of some of these 
adaptative modifications follows: 


Eyelids and nictitating membrane 

The free edges of the eyelids overlap, an arrange- 
ment which tends to prevent the incursion of sand 
particles during sand-swimming. The lids come to- 
gether along an outer and an inner ridge, a chamber 
oceurring between them. The double occlusion of the 
lids tends to prevent loss of water from the eve. If 
sand particles were to reach the moist inner contact- 
ing ridges, fluid would be removed from the orbital 
region by eapillary action. Perception of changes 
in light intensity may be possible through a trans- 
lucent area in the lower eyelid. 

Sand which reaches the eye surface either by wind 
action or through sand-swimming, accumulates in the 
anterior eye corner. This sand becomes encapsulated 
in mucous and is expelled by the action of the nicti- 
tating membrane. 

Pineal eye 

On the basis of the external appearance of the 
pineal organ and certain of the habits of the lizards, 
the parietal eye was thought to have functional pos- 
sibilities, but anatomical studies and experimental 
procedures failed to support this conjecture. 
Hearing 

Hearing has been clearly established for Uma. 
The lizards not only detect sounds such as whistled 
notes, snapping of fingers, and talking but also, even 
when buried, those produced by the movements of 
insect prey on the surface of the sand. 

Locomotion 

Surface locomotion is facilitated by elongated toes, 
the surfaces of which are increased by the presence 
of lateral digital fringe-seales. The gait is largely 
bipedal during rapid movement over the sand. 
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Most fossorial activity appears to be limited to 
movements not over several times the total length 
of the animal. Sand-swimming is accomplished by 
lateral movements of the head and fore parts, acecom- 
panied by propulsive movements of the hind feet. 
The forelimbs are not employed in submergence but 
lie appressed to the sides. The action of the hind 
foot and fringes is valvular. 


Camouflage 

The color of the lizards approximates that of the 
sand upon which they dwell. Cast shadow is fre- 
quently concealed by lying close to the ground. Spots 
and streaks in the eye region, arranged essentially 
in a linear series, tend to mask the eye in most indi- 
viduals. The eye pattern is particularly effective 
when the lizards lie among the intricate shadow of 
bushes. 


Feeding habits 

Sight is most frequently used in the detection of 
food. Hearing and smell may also be employed. 

Both animal and plant foods are taken, insects 
predominating in the diet. Tenebrionid beetles are 
an important item, at least at certain times of the 
year with the lizards in the Garnet habitat of the 
Coachella Valley, California. 
Selection of places of retreat 

Retreat from enemies and deleterious temperatures 
is usually accomplished by sand-swimming. Rodent 
burrows and other excavations are often used also. 

The lizards tend to bury themselves on the lee side 
of dunes and hummocks to avoid exeavation by pre- 
vailing winds. 
Enemies 

The road-runner californianus) and 
badger (Taxidea taxus berlandieri) have been in- 
criminated definitely as predators on Uma. The 
butcher bird (Lanius ludovicianus), the desert spar- 
row hawk (Falco sparverius phalaena) and among 
reptiles, the sidewinder (Crotalus cerastes) and the 
western glossy snake (Arizona elegans occidentalis), 


(Geococeyx 


are probable enemies. 
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Thermal tolerance 
Minimum voluntary—26° C. 
Average of normal activity range—38.3° C. 
Maximum observable voluntary tolerance 
Critical maximum—45° C. 


40° C. 
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THE FATE OF ANIMALS IN STREAM DRIFT 
WHEN CARRIED INTO LAKES 


INTRODUCTION 


deals 


This 


paper with the 
aquatic animals occurring in stream drift when 
streams carry them into lakes. The fate of animals 
removed, by natural agencies, from their usual sur- 


fate of macroscopic 


roundings into a new environment is a matter of 
considerable biological interest. Chandler (1937) 


found that typical lake plankton, suddenly subjected 
to stream conditions, underwent a quantitative de- 
crease as it passed downstream. In the present inves- 
tigation the situation existed, the 
organisms usually able to maintain their positions 
in the creek, were swept downstream and into the 
lake by the foree of the current. 

The presence of aquatic animals in stream drift 
is well known. The occurrence of stream animals 
drifting in floods was reported by Needham (1929) 
and Beauchamp (1932). Moffet (1936) found that 
certain ereek bottoms were barren after floods, and 
that the eroded areas became repopulated from un- 
eroded tributaries. This repopulation was attributed 
to the tendency for organisms or their eggs to drift 
downstream before their final attachment. Leonard 
(1942), when experimenting with newly exeavated 
stream-channel diversions, observed a rapid influx of 
bottom organisms into the newly created habitat. He 
concluded that the organisms invading the new habi- 
tat must have drifted into the area from upstream, 
either as eggs or as nymphs and larvae. The ani- 
mals drifting in streams during absence of floods 
have attracted comparatively little attention. Need- 
ham (1928) found, during studies of “drift food” 
in relation to trout, that only 6.98 percent, by weight, 
of the animals was aquatie in origin, the rest was 
terrestrial. Ide (1942), when studying the avail- 
ability of aquatic insects as food of the speckled trout, 
classified drift material as aquatic, emerging, exuviae, 
aerial, and lacustrine. 

Up to the present time no intensive study has 
been devoted to the stream organisms which oceur in 
drift in streams not subject to floods. Needham 
(1930) found that pools serve as eatch basins for 
animals which are swept down from riffles. Appar- 
ently study of the fate of these organisms, when 
washed into lakes, has hitherto been entirely neglected. 

In this investigation work was done where floods 
or even freshets are absent. The stream drift eon- 
sisted of particles of debris, mostly macroscopic in 
size, and various animals, either living or dead. 

The writer wishes to express his indebtedness to 
Professor Paul 8S. Welch, under whose direction this 
work was done; to Dr. W. K. Townes for identifiea- 
tion of Chironomidae; to Dr. H. H. Ross for iden- 
tification of Trichoptera; to Dr. F. Earle Lyman for 
identification of Ephemeroptera; and to Professor 
C. W. Creaser for identifieation of fishes. 


reverse since 


SITUATIONS STUDIED 


In planning this investigation the writer was faced 
with two alternatives: (1) to study several situations, 
or (2) to restrict the work to an intensive study of 
one. The former was impracticable because of the 
amount of time consumed in reaching the widely 
separated available places. The latter was chosen 
because it was deemed more desirable to study in 
detail one situation ideal for this problem than to 
spread effort and time on what could only have been 
a survey. Hence, most of the work was confined to 
Carp Creek. 

Carp Creek is on the University of Michigan Bio- 
logical Station tract, Cheboygan County, Michigan, 
and flows from High Springs, about 0.5 mile south 
of Douglas Lake, into Burt Lake, a distance of 
approximately 1.5 miles. A stream built to order 
could hardly have been more perfectly suited to the 
purpose at hand. For this reason it seemed far more 
profitable to devote attention to Carp Creek and Burt 
Lake than to work on less suitable locations. The 
ideal features offered by this situation were as fol- 
lows: (1) constaney of water flowage and consequent 
lack of floods or great changes in water level, (2) 
freedom from contamination, (3) absence of tribu- 
taries, (4) remarkably constant temperature through- 
out the stream, (5) little fluctuation of 
temperature, (6) lack of ice cover in winter, (7) un- 
usual degree of uniformity of gradient, (8) uninter- 
rupted current and lack of pools in which drift 
organisms might collect, (9) similarity of bottom 
materials in all parts of the stream, (10) abundance 
of fallen trees and brush in the stream, (11) pres- 
ence of rooted aquatic vegetation, (12) abundant and 
diversified population of stream animals, (13) ¢on- 
stant occurrence of animals in stream drift, (14) 
similarity of stream and Jake bottom materials, (15) 
dissimilarity of creek and lake animals, (16) great 
extent of shallow water in the lake, allowing drift 
animals to settle to the bottom before reaching deeper 
water, (17) essential chemical likeness of the waters 
of the stream and lake, (18) great thermal differ- 
ences between creek and lake during this investiga- 
tion, allowing positive tracing of spread of creek 
water in the lake, (19) abrupt entry of the creek into 
the lake with little diminution of current at the 
mouth, (20) variety of lake conditions produced 
by protection of this area from north winds and 
exposure to heavy wave action of storms from the 
south, (21) existence of almost completely natural 
conditions, and (22) aceessibilitv of the 
throughout its entire length. Stations were selected 
as follows (Figs. 1 and 2): Station 1, about 100 
meters downstream from High Springs area; Station 
2, a few meters downstream from the iron bridge 
about 1 mile from Burt Lake; Station 3, near an old 
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Fig. 1. Map of Carp Creek showing its position in re- 


lation to Burt Lake and South Fishtail Bay of Douglas 
Lake, Cheboygan County, Michigan. Collecting stations 
in the creek are indicated by Arabic numerals and ex- 
periment stations in the lake by lower case letters. 
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Fic. 2. Map of mouth of Carp Creek and immediate 


vicinity. Collecting stations in the creek are indicated 
by Arabie numerals and an experiment station in the 
lake by lower case letter ‘‘b.’’ 


beaver pond a few hundred meters farther down- 
stream; Station 4, about 85 meters upstream from 
the mouth of the creek; Station 5, about 25 meters 
upstream from the mouth; and Station 6, at the 
mouth. The position chosen for Station 7 varied 
somewhat, but was lakeward from the mouth and in 
the direction of flow of Carp Creek water, usually 
10 meters or more from shore. Sixty-five drift sam- 
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ples were taken in Carp Creek, most of them from 
Stations 4, 5, 6, and 7. 

The region where Carp Creek enters Burt Lake 
was chosen for studying the fate of drift animals. 
In this vicinity 201 bottom samples and 17 collections 
of animals found on beaches were obtained. Field 
data and collections were taken during the summers 
of 1939, 1940, 1941, and 1942. 

Drift samples from two additional streams sup- 
plied information for comparison of Carp Creek with 
other situations. The East Branch of Maple River, 
the outlet of Douglas Lake, after a somewhat eir- 
cuitous route joins the West Branch and empties into 
Burt Lake. Station 8 was on the East Branch of 
Maple River in Emmet County, about 15 meters up- 
stream from the bridge on the road extending east 
from Pellston, at the lower end of a riffle about 4 
meters long. Fourteen drift samples were taken in 
the summers of 1939 and 1940, during which period 
the stream was about 3 meters wide and varied in 
depth from approximately 30 centimeters in June to 
only about 20 centimeters in late August or early 
September. 

Station 9, in the West Branch of Maple River, 
was 3.5 miles northwest of Pellston. The West 
Branch, which is the outlet of Larks Lake, flows in 
a southeasterly direction, joining the East Branch 
about 2 miles southeast of Pellston. There was con- 
siderable current, but there were no riffles within 
about 10 meters. In June, 1939 and 1940, the stream 
was about 3 meters wide and approximately 70° cen- 
timeters deep; by the end of the summer about 55 
centimeters deep. Twelve drift samples were taken 
here in the summers of 1939 and 1940. 


METHODS AND EQUIPMENT 


The drift net deseribed by Needham (1928a) was 
considered impracticable for use in Carp Creek be- 
cause of the amount of debris in this stream. It was 
thought more desirable to secure numerous small 
samples from several stations than to study larger 
ones and restrict the number of samples. 

Samples of stream drift were obtained by means 
of a net consisting of a rectangular piece of ordinary 
No. 16 (6.3 meshes per centimeter) wire screen 1.9 
meters long and 0.76 meter high. The top and bot- 
tom selvages were strengthened by soldering small 
copper cables to them. Each end of the net was 
securely tacked to a staff extending 8 centimeters 
above and below the sereen. It was installed in the 
stream by attaching it to two heavy stakes driven in 
the stream bottom about 2 meters apart on a line 
transverse to the current. To these stakes the net 
was attached by four small wire hoops, each of which 
encircled a stake and the top or the bottom of one 
of the staffs. The staffs were then pushed down 
until the lower edge of the screen made contact with 
the bottom. After about 1 hour the net, with the 
materials collected on it, was carefully lifted out of 
the water. The sample was washed off into a tub, 
concentrated in a cloth net, and transferred to a 
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bottle. The animals were separated from the debris 
in white pans. When practicable, sorting was done 
immediately in the field, while the animals were alive. 
Many of the samples were taken to the laboratory 
and kept alive in cold storage until they could be 
worked. The animals were preserved in alcohol. 

In collecting bottom samples the Petersen dredge 
was used at first, but in places the animals were so 
abundant that it seemed profitable to reduce the area 
of each sample and thus be able to increase the num- 
ber and spread of samples. Accordingly a smaller 
inverting sampler was devised. It consisted of a 
brass cylinder 7.8 centimeters in diameter and 13 
centimeters long. The top end was covered with a 
piece of brass gauze (about 9 meshes per centimeter). 
A handle frame (Fig. 3) was attached to the top of 




















Fig. 3. Bottom sampler with cylinder set in position 
for sampling. cyl, Cylinder; gz, brass gauze; hd, handle; 
hd fr, handle frame; hg, hinge; p ¢, pull cord; p e, pin- 
and-eye fastener; t ¢, trip cord. 


the cylinder by a hinge on one side and by a pin- 
and-eye fastener on the other. A wooden handle was 
fitted into the frame, and a pull cord connected from 
the top of the handle to bottom of the eylinder on 
the hinge side. A trip cord extended from the pin 
to the pull cord, being so adjusted that tightening 
the pull cord released the fastener and inverted the 
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Fie. 4. Bottom sampler with cylinder in the inverted 
position. Symbols as in Figure 3. 


cylinder (Fig. 4). To obtain a sample the eylinder 
was fastened in place (Fig. 3) and pushed into the 
stream or lake bottom about 10 centimeters. While 
continuing to push the sampler down the operator in- 
verted the cylinder by pulling the cord. The sampler 
was then lifted out of the water and its contents 
dumped into a cireular sieve. All residue in the 
sampler was washed into the sieve. The sample was 
screened, concentrated, and placed in a bottle. Sort- 
ing and preservation of bottom animals was done in 
the manner deseribed for drift samples. 

A map of the mouth of the creek and the surround- 
ing area, within a radius of about 60 meters (Fig. 
2), was made by means of a plane table. 

Lowering of the surface level of Burt Lake was 
recorded roughly by eutting notches in the sides of 
some stumps along the shore and measuring the ver- 
tical distances between notches and surface of the 
water. 

Chemical analyses were done by the methods out- 
lined in Standard Methods for Examination of Water 
and Sewage, eighth edition (1936). Temperatures 
were measured by maximum-minimum thermometers 
and by the thermophone. The latter was employed 
in tracing the spread of creek water in the lake. 


































































DRIFT DATA 


During this investigation drift samples from Carp 
Creek and the two branches of Maple River contained 
71 kinds of animals from the phyla: Coelenterata, 
Platyhelminthes, Nematomorpha, Nematoda, Annelida, 
Mollusea, Arthropoda, and Chordata. Table 1 pre- 
sents a list of the drift organisms collected in the 
three streams and supplies the following data for 
each kind of animal in each stream: (1) the percent- 
ze ef semples in which the animal occurred, (2) the 
total number of individuals colleeted, and (3) the 
variation of numbers of individuals per sample. The 
total number of individuals and the variation per 
sample give a general idea of the relative abundance 
of each form. Because of the presence of several 
variables such as (1) rate of flow of water screened, 
(2) depth of water, (3) change of sereening effi- 
ciency due to the elogging effect of debris on the 
drift net, and (4) length of time the net was in the 
water, this study cannot be considered as quantitative. 
This study was not of a taxonomic nature. Although 
the writer acknowledges the desirability of having 
complete identifications for all organisms concerned, 
due to the wide variety of types of animals and 
stages of development it seemed impracticable to at- 
tempt identification, beyond major groups, of any 
individuals except those which seemed to be of con- 
siderable importance to the problem in hand. 

By comparison of the data shown in Table 1 it is 
readily seen that drift samples from these three 
streams show certain conspicuous differences: for in- 
stance Gammarus limnaeus and Asellus communis 
were found only in Carp Creek, while Hyalella 
azteca (knickerbockeri) oceurred only in the West 
Branch of Maple River. Although Baetis was found 
in all three streams, Dr. F. Earle Lyman informed the 
writer (personal communication) that the species 
present in Carp Creek was Baetis brunneicolor Me- 
Dunnough, but that specimens from the two branches 
of Maple River probably represent other species. 
The plecopteran, Nemoura venosa, was common in 
Carp Creek, but absent from the other streams. Some 
small fishes were taken in Carp Creek, and a few 
individuals of Corixidae occurred in samples from 
the West Branch of Maple River, but as these ani- 
mals are active swimmers their inclusion as animals 
of the stream drift would be questionable. Among 
the Trichoptera larvae of Brachycentrinae, 
probably Brachycentrus americanus, oceurred in 28 
drift samples from Carp Creek and totalled 1,045 
individuals, in contrast to 4 oceurrenees of single 
specimens in the Kast Branch of Maple River and 
one in the West Branch. The greatest abundance of 
Brachveentrinae occurred during July and August 
1940, and apparently was in some way connected with 
a life history Hundreds of them drifted 
downstream and were washed ashore near the mouth 
of the creek, where they were seen clinging to the 
masses of roots and brush at the edge of the lake. 
In 1941 s‘milar trichopterous larvae hung on objects 

in the stream, but not in such abundance as in 1940. 


some 


stage. 
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Oceasionally pieces of Potamogeton and other 


aquatie plants, or twigs which had been submerged 
in the current, drifted into the net. Such an oceur- 
rence almost always brought many larval Simuliidae 
attached to these plants. Usually they were so nu- 
merous that no attempt was made to count them. 
Larvae of aquatic Lepidoptera were present in col- 
lections from the West Branch of Maple River, but 
absent from those in the other two streams. 

The considerable numbers of terrestrial animals, 
mostly inseets, which were in the drift samples have 
not been considered in this investigation. 

On July 23, 1940, a drift sample at Station 3 con- 
tained 107 very small mayfly naiads, apparently 
Baetis, though the practicability of identification of 
such early instars was doubtful. These animals could 
have passed through the meshes of the drift net with 
ease. It seems that they were caught partly because 
they clung to the net and partly beeause the aceumu- 
lating debris on the net reduced the effectiveness of 
the straining. It is likely that many such animals 
were not eaptured but passed directly through the 
meshes of the net. 

Frequently clusters of eggs in masses of jelly oe- 
curred in drift samples. Usually identification of 
these eggs was impracticable. A thorough study of 
the eggs present in stream drift would undoubtedly 
show interesting facets concerning the relation of drift 
to the distribution of stream animals and the repop- 
ulation of erosion areas, such as those mentioned by 
Moffett (loc. cit.). 

Representatives of all species of macroscopic ani- 
mals collected from Carp Creek bottom, except Pen- 
taneura and Procladius, were sooner or later found 
in drift samples. The fact that individuals of a 
certain species were relatively numerous in bottom 
samples did not necessarily mean that they would be 
abundant in the drift samples. Active animals, such 
as Gammarus limnaeus, were more apt to drift than 
chironomid larvae wh‘ch inhabit sand eases. Certain 
animals, Simuliidae, Brachycentrus americanus, and 
other Hydropsychinae, which normally remain firmly 
attached to stationary objects in the stream, occurred 
in stream drift. Black-fly larvae frequently occurred 
in drift samples. Needham (1929) stated that black- 
fly larvae (Simulium) were not taken in drift under 
ordinary cireumstances, but were present in samples 
collected during a flood. Data from drift samples 
in Carp Creek and the two branches of Maple River 
furnish evidence that these larvae are not exempt. 
from being carried away in ordinary stream current. 

The condition of the animals in the drift varied 
greatly. Most of the individuals seemed vigorous 
and in excellent state; but others were parasitized, 
had failed to complete ecdysis,: had legs missing, or 

in some way showed low vitality. Dead animals, 
especially mayflies and chironomids which had died 
when only partially emerged, frequently occurred in 
samples. 

It was interesting indeed to note the large number 
of larval and pupal exuviae which were present in 
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Many of these were intact and 
Frequently 


the stream drift. 
could be identified with comparative ease. 
structural features were much easier to determine 
from exuviae than from larvae themselves. Ide (loc. 
cit.) found that exuviae constituted 56.1 pereent, by 
volume, of the drift. 


Except for representatives of Blasturus and Hy- 
droptilidae, each of which occurred in only one 
sample, all species of animals found at Stations 1, 2, 
and 3 were found near the mouth of the creek in 
drift and bottom samples. Apparently the major 
portion of the drift material in Carp Creek was 
carried into Burt Lake. 


In order to determine how far stream animals 
were carried into the lake before they settled to the 
bottom, attempts were made to procure drift sam- 
ples in the creek current at varying distances lake- 
ward from shore. Stream drift was obtained only 
during periods when the lake was very calm in that 
area. A drift net installed 10-30 meters from the 
mouth of the creek or the edge of the delta collected 
a little drift material while calm lasted. The onset 
of a breeze after a short while often caused waves 
which washed the eatch from the net. Few stream 
animals occurred in drift samples as far as 30 
meters from the mouth of the stream. Only two of 
the 10 or more samples at that distance from shore 
contained creek species. One of these samples was 
collected in 1940 and the other in 1941. When any 
appreciable wave action was present in this region, 
obtaining samples of stream drift beyond 10 meters 
from the delta at the mouth of the creek was quite 
impracticable because of the fact that the waves 
almost invariably washed the catch from the net. 


Because of the great degree of variation in drift 
samples collected in the creek current in Burt Lake, 
this method of study yielded little information econ- 
cerning the fate of stream animals in the lake, ex- 
cept that practically all of them appeared to settle 
to the bottom less than 30 meters from the delta. 
Because of this settling it was thought that a study 
of distribution of animals on Burt Lake bottom in 
the area near the mouth of the ereek would yield 
desirable information. 


Studies of drift samples showed the following: 
(1) animals from the bottom and margins of Carp 
Creek were constantly present in the drift; (2) their 
occurrence must be considered as an entirely normal 
circumstance, at least during the summer months, 
for this stream is not subject to floods or sudden 
changes in water level which might dislodge the 
animals from their homes; (3) in the course of a 
summer stream animals in vast numbers must there- 
fore be washed out of the creek into Burt Lake. 
During this investigation no outstanding instances of 
seasonal differences in drift populations were ap- 
parent except in the cases of Baetis and Brachy- 
centrus mentioned heretofore. On the basis of such 
work as was done there was thought to be no ocea- 
sion to go into seasonal variations exhaustively. 
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ANIMALS OF STREAM BOTTOM 


In order to ascertain the distribution of creek ani- 
mals in Burt Lake it was necessary to determine 
what animals were typical of Carp Creek. Bottom 
samples were collected with the inverting sampler 
from various parts of the stream, especially in the 
region within 85 meters of the mouth. The stream 
animals of special interest, since they occurred in 
drift samples as well as bottom samples, were as 
follows: Nematoda, Oligochaeta, Sphaeriidae, Asel- 
lus communis, Gammarus limnaeus, Baetis brunne- 
icolor, Nemoura venosa, Brachycentrus americanus, 
Prodiamesa sp., Orthoeladiinae, Trichocladius n. sp., 
Tanytarsus confusus (?), Tanytarsus sp., Chiron- 
omus (Harnischia %) sp., Endochironomus  sp., 
Cryptochironomus sp., Chironomus (?), some pupae 
of Chironomidae, and larvae of Ceratopogonidae. 
Though specimens of Brachycentrus americanus were 
rarely collected in bottom samples because of their 

TABLE 2. Summary of data from bottom samples. 
Numbers refer to percentage of samples in which the 
kind of animal occurred. Data are from 24 samples 
collected in the creek, definitely upstream from the 
mouth, and 20 samples from areas in Burt Lake not in 
the vicinity of Carp Creek. Samples were obtained 
during summers of 1940 and 1941. 











Creek Lake 
| samples samples 
| percent percent 

Animals in the creek: 
Asellus communis............ 16 
Gammarus limnaeus......... .| 50 
Baetis brunneicolor........... 16 
Nemoura venosa............. a 
Brachycentrus americanus... . . t 
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Tanytarsus gregarius (?)...... me | 25 
Polypedilum flavus (?)........ | 15 
Cryptochironomus n. sp... .... — 35 
Pseudochironomus spp... ..... ts 30 
Chironomus spp.............. ae 5 
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hab:t of clinging on logs, twigs, ete., they were com- 
mon in drift samples. 

By comparing bottom samples collected in portions 
of the lake distant from the creek with samples ob- 
tained in the stream (Table 2) it was seen that 
animals present in both environments included: 
Nematoda, Oligochaeta, Sphaeriidae, Orthocladiinae, 
Tanytarsus sp., Endochironomus sp., Chironomus 
(Harnischia 2) sp., Cryptochironomus sp., Chirono- 
mus (?), some pupae of Chironomidae, and larvae of 
Ceratopogonidae. When animals of the former list 
not included in the latter one were found on Burt 
Lake bottom they could be identified as drift animals 
which originally were products of bottom or margin 
or the stream. The dispersal of these animals in 
Burt Lake was remarkably restricted. 

Distributions of creek animals in the lake were 
plotted by spotting on a map the locations of sam- 
ples in which they were collected. Four distribu- 
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Fig. 5. Map of the mouth of Carp Creek and the im- 
mediate vicinity showing the lakeward limits of areas 
where certain drift animals were found on Burt Lake 
bottom. 


TABLE 3. 
tom samples collected in summer of 1940. 
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tion areas are shown in Figure 5. This is not a 
complete discussion of total fauna, as the investiga- 
tion concerns only the animals directly involved in 
stream drift. It is the opinion of the writer that 
regions indicated are amply large to inelude the 
entire spread of the creek animals named, except in 
cases of dispersal due to severe wind action which 
may have earried a few animals farther from the 
stream. However, since such animals probably could 
not survive wave action, the extended distribution 
would have been ephemeral in duration. Practically 
all the samples containing ereek animals were 
within the area designated for Gammarus. 


ABUNDANCE OF DIFFERENT KINDS 
or ANIMALS 

Bottom samples were collected in order to make a 
rough estimate of the abundance of different kinds 
of animals in the portion of Carp Creek within 27.5 
meters from the mouth of the stream, and in the 
part of Burt Lake not more than 120 meters lake- 
ward from the creek. Transects were made in the 
stream transverse to the current at distances of 10, 
25, and 27.5 meters upstream from the lake. Sev- 
eral samples were obtained from the mouth of the 
creek. Lake bottom samples were collected at dis- 
tanees of 2.5, 5, 10, 20, 30, 35, 60, and 90-120 meters 
lakeward from the creek. The samples were col- 
lected between June 29 and August 9, 1940, during 
which time the delta progressed only a few meters 
lakeward from the mouth of the stream. 

Data from these samples (Table 3) show that 
stream animals were abundant in samples from tran- 
sects 10, 25, and 27.5 meters upstream from the 
mouth of the creek. Fewer organisms occurred at 
the mouth of the stream. Many ereek animals were 
in samples from the transect 2.5 meters lakeward 
from the mouth of the stream. This transect was in 


Distribution of creek and lake animals in the area near the mouth of Carp Creek. Data from bot- 
Numbers are averages of individuals per 100 square centimeters. Dis- 


tance from mouth of ereek and number of samples represented are listed at top of each column. 
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a zone of concentration of debris and animals. Few 
creek organisms were located in the lake beyond 35 
meters from the mouth of the stream and not many 
Jake animals oceurred nearer the stream than 30 
meters from its mouth. The area between 30 and 
35 meters lakeward from the creek seemed to be the 
locale of a transition between creek and lake pop- 
ulations. Tanytarsus sp., apparently a lake species, 
occasionally occurred in the creek along the mar- 
gins near the mouth, where current was greatly re- 
duced. Judging by the data in Table 3 the oceur- 
rence of the following species indicated to what 
extent creek animals drifted into the lake: Gammarus 
limnaeus, Prodiamesa sp., Trichocladius n. sp., Tany- 
tarsus confusus (?), Endochironomus sp., and Chi- 
ronomus (Harnischia ?) sp. Additional samples not 
included in the table showed that Endochironomus 
occurred, though rarely, in regions of the lake appar- 
ently far beyond the influence of Carp Creek. Spe- 
cies typical of Burt Lake bottom in the general 
region of Carp Creek were the following: Hyalella 
(?), Tanytarsus sp., 
Polypedilum flavus (?), 
For reasons stated earlier 
the species of oligochaetes not determined. 
Representatives of this group were much more com- 
the lake than in the stream. However, in 
certain samples from the creek these animals were 
abundant. 


azteca, Tanytarsus gregarius 


Pseudochironomus — sp., 
Cryptochironomus n. sp. 


were 


mon in 


RELATIVE ABUNDANCE OF CREEK ANIMALS IN 
AREAS OF LAKE 


In order to ascertain the relative number of creek 
animals per 100 square centimeters at the mouth of 
the stream and in the part of the lake in that vicinity, 
bottom samples were obtained from: (1) the delta 
at points a few meters upstream from its lakeward 
margin; (2) the zone within a few meters immedi- 
ately lakeward from the delta; (3) the region farther 
lakeward, but not more than 70 meters from the 
mouth of the creek; and (4) points in Burt Lake at 
distances greater than 70 meters from the creek. 
Data from these samples are in Table 4. 

All animals ineluded in Table 4 
were of species that occurred in the stream drift. 
The first three columns show that the number of 
animals per sample was highly variable. This is 
especially evident in the second column, which refers 
to the area immediately lakeward from the delta. 
The extremes 9.1-837.4 individuals per 100 square 
centimeters in 1940 were so great that determination 
of mean animals per sample was worthless. The 
population of the delta was strikingly low in ecom- 
parison with that of the region immediately lakeward 
from the margin of the delta. The location of a 
zone of concentration of creek animals on the lake 
bottom was usually marked by a of debris. 
This debris was composed chiefly of bits of partially 
decayed plant material varying in length from about 
2 millimeters to several centimeters. Such derbis on 
the lake bottom frequently lay in a more or less con- 
tinuous more wide and several 


these counts for 


mass 
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mass, 


one 
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TABLE 4. Relative abundance of creek animals in 
Burt Lake. Data from bottom samples in region of 


mouth of Carp Creek. Each number represents total 
creek animals per 100 square centimeters. 





Region be- 














Delta Concentra- | Dispersion | yond creek 
tion zone area influence 
1940 
23 912.8 56.6 0.0 
0.0 108.6 74.7 0.0 
4.5 837.4 9.1 0.0 
18.1 337.3 11.3 0.0 
9.1 147.1 9.1 0.0 
11.3 158.4 0.0 0.0 
9.1 83.7 58.8 0.0 
25 86.0 36.2 0.0 
2.3 63.4 | 18.1 0.0 
6.8 140.3 15.8 0.0 
9.1 61.1 | 24.9 0.0 
91 | 58.8 | 0.0 
38.5 | 13.6 0.0 
176.5 | 6.8 0.0 
271.6 ot 0.0 
47.5 bon 2.3 
0.0 
0.0 
| | 0.0 
| 0.0 
a 0.0 
Average.| 6.8 173.7 28.1 0.1 
1941 | | | 
| 2.3 | 63.2 50.5 8.4 
4.7 130.5 14.7 2.1 
| 0 115.8 | 12.6 0.0 
| 40.0 | 29.5 0.0 
2 | B74 37.9 0.0 
52.6 58.9 0.0 
44.2 29.5 0.0 
52.6 31.6 4.2 
S26 | 26.8 | 2. 
| 37.9 | 48.4 | 0.0 
94.7 | 20.1 0.0 
| 40.0 >| i an ie 
| 42.1 | 126 | 0.0 
| 86.3 | 8.4 0.0 
| 2s | we 0.0 
| 27.4 | 73.7 0.0 
| 2 ) Oe 4 S. 
| 316 | 4.2 
| | 80.0 
| 6.3 | 
| | 4.2 
| | 18.9 
| | 10.1 
| 12.6 
10.1 
2.1 
Average. | 7.6 55.1 25.4 Be 





meters long, surrounding the lakeward edge of the 
delta. In the adjoining area, lakeward from this zone 
of concentration, creek animals were more dispersed. 

Boundary between the concentration zone and the 
dispersion area was more or less arbitrarily set at 
3-5 meters lakeward from the delta, depending on 
development and extent of the concentration zone. 
The dispersion area extended from the concentration 
zone to not over 70 meters lakeward from the mouth 
of the creek. Creek animals were rarely collected 
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beyond this area. Most of the organisms in this area 
oceurred within a few meters of the concentration 
zone. Two individuals, one of Trichocladius n. sp. 
and one of Chironomus (Harnischia ?) sp., were 
found in Burt Lake more than 90 meters from the 
mouth of Carp Creek. Occurrences of these species, 
typical of the creek, so far out as that in Burt Lake 
were rare exceptions. The latter individual was eol- 
lected from a point southwest of the creek in a 
region where cold ereek water was on the lake bot- 
tom, thus possibly it was earried to this region as 
stream drift. However, the individual of Trichocla- 
dius n. sp. was collected about 400 meters east of 
the creek. 

Among the data for 1941 some of the numbers 
represent transects made along the concentration 
zone and a few meters lakeward. In each ease 5 
bottom samples were obtained and the concentrates 
placed together. From the total number of animals 
the average number per sample was computed. The 
last four items in the second column and the last 
three in the third column are averages from such 
transects. 

There were more animals per sample in the zones 
of concentration in the summer of 1940 than in that 
of 1941. This was at least partly because the sur- 
face level of Burt Lake was several centimeters lower 
during the latter than the former summer. With 
the fall of water level the delta progressed farther 
out into the lake and spread considerably. As the 
distance around the edge of the delta increased the 
concentration zone beeame longer. Thus if the same 
number of animals were present in the concentration 
zone during both summers a smaller number per unit 
would be expected in 1941. In addition wave action, 
which interfered with concentration of creek animals, 
was greater in the summer of 1941 than in the pre- 
vious summer. 


SPREAD OF CREEK WATER INTO LAKE 


In order to determine whether or not the spread 
of Carp Creek water into Burt Lake had any influ- 
ence on the fate of drift animals, the distribution 
of this water in the lake was studied. In midsummer 
the shallow water at the north end of Burt Lake 
Was practically homothermous on all occasions, but 
the temperature varied on different dates, owing to 
meteorological conditions, from about 18°-27° Centi- 
grade. The temperature of the creek water at the 
mouth was 11°-14° Centigrade. The abrupt delivery 
of cold, denser, creek water into warm, less dense, 
lake water produced a situation in which the tracing 
of the spread of the stream in the lake was a simple 
matter. Water from the stream did not mix readily 
with that of the lake, but had a distinet tendeney 
to flow under it and spread along the bottom. The 
creek water maintained its integrity for some dis- 
tance. It was quite distinguishable from lake water 
by its lower temperature. On August 5, 1940, pres- 
ence of creek water 150 meters lakeward from the 
mouth of the stream was evidenced by a temperature 
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of 18.9° Centigrade on the bottom, while the tem- 
perature of the lake water at the surface was 22.5° 
Centigrade. The depth at that point was about 1 
meter. Contrasting conditions at a point approxi- 
mately 400 meters farther east and 250 meters from 
shore showed homothermous water with a temper- 
ature of 23.5° Centigrade at a point where the depth 
was slightly more than 1 meter. The spread of creek 
water in the region of the lake immediately around 
the mouth of the stream was studied by comparing 
the temperature of surface water with that of bot- 
tom water. On July 30, 1940, two transects, along 
which top and bottom temperatures were measured, 
extended from approximately the middle of the creek 
current, at right angles to the main flow, westward 
to a point where warm homothermous lake water was 
reached (Fig. 6). On August 3, similar transects 
were established eastward. The temperature records 
on the map indicate spread of creek water and lack 
of mixing of creek and lake water. The direction 
of the wind altered the direction of the creek current 
in the lake. On August 5 additional temperature 
transects were made radiating from a point in the 
lake about 60 meters from the mouth of the creek. 
These radii were 90 meters long and extended west, 
southwest, south, southeast, and east. The depth was 
less than 1 meter. 

In comparison of the distribution of creek animals 
(Fig. 5) with the spread of creek water (Fig. 6) it 
is seen that the creek animals were not restricted to 
the area covered by the creek water, nor did they 
follow the course of the creek water in the lake; but 
rather were restricted to the region quite near the 
mouth of the creek and spread somewhat along shore 
in both directions. 


WATER LEVEL AND DRIFT 


During the summers of 1940 and 1941 the fall of 
surface level of Burt Lake caused marked changes 
in the stream bed for a distance of at least 85 meters 
upstream from the mouth. In early summer the 
stream bottom in this portion of the creek was eroded 
only slightly, and consequently there was only a 
minimal deposition of creek sand to form the ter- 
minal delta just within the mouth of the creek (Fig. 
7). As the surface level of Burt Lake fell, the slope 
between creek level and lake level became steeper, 
producing swifter current and greater bottom erosion. 
In early summer the stream bottom, from the region 
of the mouth to at least 85 meters upstream, was 
richly populated with animals. The particulate de- 
bris and stand tubes of chironomid larvae made a 
dark brown mat over the grayish yellow sand beneath. 
When erosion increased this mat was broken up and 
much of the substratum of sand drifted lakeward to 
the delta. On entering Burt Lake, Carp Creek be- 
gan to drop its load. Sand settled on the lakeward 
extremity of the delta and the drift animals sank to 
the bottom only a few meters farther lakeward, 
forming concentration zones. Position and shape of 
the newly forming delta changed daily. The delta 
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Fig. 6. Map showing water temperatures in Burt Lake near Carp Creek. Station symbols for different dates 
are as follows: cross, for July 30; square, for August 3; and triangle for August 5. All dates were in 1940. 
Numbers indicate temperature in degrees Centigrade. Surface temperature above and bottom temperature below 
the line. Arrows indicate wind direction on different dates. 


grew beyond the mouth of the creek and extended In order to obtain information for answering the 
several meters out over the lake bottom. Heavy wave question concerning burial or drift animals, the in- 
action obliterated this delta, forming beaches and verting bottom sampler was used as a core sampler. 
islands out of its materials, but during periods of 
calm the constant erosion of creek bottom led to the 
rebuilding of other deltas, frequently more than one 
(Figs. 7-14). As new deltas were formed new zones 
of concentration of drift animals developed in the 
regions immediately lakeward from them. 


BuRIAL IN THE DELTA \ 
~ 


While the delta was changing position and extend- 
ing farther out over the lake bottom, drift animals 
were settling on areas soon to be covered by the delta. 
The delta was studied to determine whether any econ- 
siderable quantity of drift anima!s was buried by it. 

On July 2, 1941, there was a prom‘nent delta at a mE 
the mouth of Carp Creek, because the weather hal = - : : : - 

, F Fig. 7. Map of mouth of Carp Creek and immediate 

been calm for a day or two. The delta was approxi- |... .;) # aa + tke den Seme OO onl 

9 , : ‘ ‘ 9 vicinity showing positions of the delta June 19 an 

mately 20 centimeters thick at a point 2 meters up- August 8, 1940. Fringed line represents lakeward limit. 
stream from its lakeward margin. of delta. 
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Samples were taken to determine whether buried 
drift animals, or parts of animals, could be recovered 
from the delta material. Previous samples in the 
upper layers of the delta showed few animals in 
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Fic. 8. Map of mouth of Carp Creek and immediate 
vicinity showing position of delta and an island formed 
of delta material, August 15, 1940. Fine hatching rep- 
resents delta material above water level. 
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Fic. 9. Map of mouth of Carp Creek and immediate 
vicinity showing position of an island formed from delta 
material, July 21, 1941. 
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Fig. 10. Map of mouth of Carp Creek and immediate 
vicinity showing general position of the delta and an 
arrowed line indicating the course taken by a larva of 
Brachycentrus americanus during 5 hours on August 1, 
1941. Dotted lines show approximate position of isl: ind 
and beach formed of delta material. 


that part. Trial samples were collected to deter- 
mine the depth from which it would be necessary to 
obtain a sample containing debris similar to that 
material lakeward from the delta. This material 
appeared to be the debris which, a few days before, 
was lakeward from the delta then existent. It was 
about 20 centimeters below the surface of the detia. 

The top layer of the delta material, about 15 
centimters thick, was removed from an area of ap- 
proximately 0.5 square meter. No debris was uneov- 
ered during this removal. From the middle of the 
depression resulting from removal of delta material 




















Fig. 11. Map of mouth of Carp Creek and immediate 
vicinity showing direction of spread of creek during a 
storm from the south at 5 p.m. on August 11, 1941. The 
dotted tine shows approximately how far the turbid lake 
water (L) extended over the outflowing creek water (C). 
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Fig. 12. Map of mouth of Carp Creek and immediate 
vicinity showing positions of animals and debris along 
the beach, in concentrations resulting from wave action 
on August 11, and of zones of concentration built up 
lakeward from the delta during about 24 hours of calm, 
August 12, 1941. Dots represent concentrations of debris 
and animals. Observed movements of two animals around 
edge of delta, during about 15 minutes each, are indi- 
cated. The broken arrow line shows course followed by 
individual of Sparganophilus sp., and the continuous line 
shows that followed by an individual of Gammarus 
limnaeus. 
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Fic. 13. Map of mouth of Carp Creek and immediate 


vicinity showing position of delta and debris after sev- 
eral days of calm, August 21, 1941. 
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Fig. 14. Map of mouth of Carp Creek and immediate 


and considerable wave action, 
showing islands composed of 
waves; also concentrations of 
beach. 


vicinity after south winds 
8 p.m., August 23, 1941, 
delta material piled up by 
animals and debris on the 


were collected. The eylin- 
drical samples were composed of yellowish sand on 
top and darker lake material on the bottom, separated 
by a layer or two of black debris. This debris, the 
layer of delta material about 1 centimeter thick im- 
mediately about 1 centimeter of lake 
bottom were the only portions saved. These samples 
were taken to the laboratory, where they were ex- 
amined with a binocular dissecting microscope. Some 


several bottom samples 


above, and 


almost complete chironomid exuviae and many ap- 
parently exuvial parts were found. Careasses, either 
fragmentary or entire, which would indicate burial 
of living or recently dead animals were not discov- 
ered. If burial was of much importance in the fate 
of drift animals it seems that at least some of the 
buried animals would have been discovered. That 
such animals were overlooked in the samples is un- 
likely, for exuviae and heavily sclerotized parts of 
the insects were easily and frequently observed, al- 
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though these parts were much harder to detect than 
an entire animal would have been. 

Although this sampling was inadequate to permit 
an accurate estimate of how much burial of drift 
animals occurs, it does indicate that the number of 
animals suffering this fate is comparatively small. 


Errect oF Borrom EROSION ON CREEK 
POPULATION 


During the interval between June 16 and July 19, 
1941, the surface level of Burt Lake fell about 17 
centimeters. During this period, erosion formed a 
new submerged channel oceupying about the middle 
third of the stream bed for a distance upstream from 
the mouth. 
erosion was less severe. 


During the two previous summers the 
On July 1, 1940, the stream 
bottom about 25 meters from the mouth of the creek 
was not Particulate debris and sand tubes 
of chironomid larvae formed a dark brown mat over 
the vellowish sand. Three bottom samples were col- 
lected in this area, data from which are shown in 
Table 5 under columns A, B, and C of transeet I. 
Samples A and C were colleeted about 1 meter from 
the south and from the north margins of the stream 
respectively. Sample B was from the middle of the 
stream. Using data from these samples as a 
for computation, the average number of animals in 
the area sampled was more than 944.8 per 100 square 
centimeters. Data in columns A, B, and C under 
transect II are from samples collected July 25, 1940, 
at approximately the same places as those on Ju'y 1. 
No submerged channel was present at this transect, 
but crosion had removed much of the mat from the 
creek bottom. Data from these samples indicate an 
essent al uniformity across the transect. 


eroded. 


basis 


The average 
population for the transect on this date, using these 
data for computations, was only about 55.5 animals 
per 100 square centimeters. The reduction in size 
of population showed that a large number of creek 
animals had disappeared from the area. On August 
9, 1940, an erosion channel about 3.5 meters wide 
and 0.25 meter deep was in the middle of the creek 
25 meters upstream from the mouth. Data in eol- 
umns B and C, compared with those of A and D 
under transect III, show marked reduction of ani- 
mals in the erosion channel of the stream. The pop- 
ulation computed for the erosion area was approxi- 
mately 13.7 animals per 100 square centimeters. The 
uneroded margins averaged 345.4 animals per 100 
square centimeters. Sample A was from the south 
margin of the creek and sample D from the north. 
The latter sample was from an area where very dark 
part’culate debris covered the sand, and a bed of 
Ranunculus longirostris Gordon protected the bottom 
from current. The presence of a large number of 
animals in the sample from this protected area indi- 
cated that erosion of the bottom, rather than seasonal 
or life history changes caused the reduction in size 
of population in the middle of the stream. 


In 1941 the fall of surface level of Burt Lake came 
In June 1941, the erosion 


much earlier than in 1940. 
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TABLE 5. Effect of bottom erosion on ereek population. Dates of transects: I, July 1, 1940; II, July 25, 
1940; III, August 9, 1940; and IV, June 18, 1941. Letters A, B, C, and D refer to individual samples. Numbers 
refer to animals per 100 square centimeters, Asterisks indicate samples from erosion channel. 
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channel was well developed. Transect IV was made 
85 meters upstream from the mouth of the creek, 
where the erosion channel in the bottom was about 3 
meters wide and 0.5 meter deep. A wide expanse 
of uneroded bottom covered by shallow water ex- 
tended along the margins of the stream. Samples A 
and B were from the uneroded area on the south 
side of the creek; sample C from the erosion channel; 
and sample D from the uneroded margin on the 
north. Using data from samples A, B, and D, the 
average population for the uneroded area was 840.7 
an‘mals per 100 square centimeters, while that for 
the channel was only 10.5. ; 

These data are too meager to allow more than a 
rough estimate of the size of the population, yet it is 
thought that a fairly representative picture is given 
here. Seattered samples, not collected along tran- 
sects, and hence not ineluded in these tables, serve 
as the bas’s for this opinion. 

These data show that: (1) uneroded bottom of 
Carp Creek supported a large population of ani- 
mals; (2) general erosion of creek bottom reduced 
the number of animals in certain areas; and (3) 
erosion of a channel in the ereek bottom reduced the 
size of the population very markedly in the eroded 
area. 

The surface level of Burt Lake bore an important 
relation to the erosion in Carp Creek, at least within 
85 meters upstream from the mouth. The presence 
or absence of erosion determined whether or not bot- 
tom animals were washed away from their positions. 
Many bottom animals which were washed away as the 


water eroded the bottom would not have become drift 
animals if the lake level had remained unchanged. 
To this extent the lowering of the surface level of 
Burt Lake influenced the quantity and quality of 
animals earried into it in stream drift. 

The position and formation of the delta deter- 
mined to some extent where the creek dropped its 
load and henee had some influence on at least the 
temporary fate of the drift organisms. As the sur- 
face level of Burt Lake fell the delta progressed 
farther lakeward and concentrations of creek animals 
developed farther out on the lake bottom. 

LAKE INFLUENCES 
Wave AcTION 

Intensity. Animals drifting out of Carp Creek 
arrived in a portion of Burt Lake protected from 
the prevailing northwest winds. The oceasional 
winds and storms from the south and southeast had 
a sweep of about 9.5 miles, and produced consider- 
able wave action on the gradually sloping shoal south 
of the mouth of the creek. When whitecapped waves 
were produced by southerly winds a heavy surf 
pounded the beach at the mouth of Carp Creek. 
Under such conditions rooted vegetation, lake ani- 
mals, and stream animals were washed upon the 
beach. 

Effect on Creek Animals in Concentration Zone. 
During the first week in August, 1941, there was 
slight to moderate wave action in Burt Lake near 
the mouth of Carp Creek. On August 8, blackish 
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debris, typ-cal of the zone of concentration, was pres- 
ent on the lake bottom near the delta. During the 
next few days winds were shifting. On the morning 
of August 11, there was a strong wind from the 
southeast. The direction of the wind sh-fted to 
south, then to southwest by late afternoon. On Au- 
gust 12, the wind was from the northwest. During 
the southerly winds on the former date the area 
around the mouth of Carp Creek was subjected to 
vigorous wave action. By late afternoon of August 
11, the waves had altered the position of delta mate- 
rial to such an extent that the area of flowing creek 
water divided off into 3 currents, two moving east- 
ward and one westward (Fig. 11). The edge of the 
delta was poorly defined and no debris remained on 
the bottom in this area except at a po-nt about one 
meter southeast of the island which separated the 
west part from the middle part of the current. Be- 
fore wave action ceased, on August 11, three series 
of bottom samples were obtained: 5 samples from 
positions where the zones of concentration existed 
prior to the storm; 2 samples from the area between 
the west and middle portion of the stream; and one 
sample from a location about 5 meters farther lake- 
ward in an area protected from vigorous wave action 
by a log on the bottom. After about 24 hours of 
“alm weather conspicuous masses of debris on the 
lake bottom marked the zones of concentration of 
ereek animals near the delta and along shore east 
and west of the creek (Fig. 12). Three bottom 
samples were collected August 12, from the zone of 
concentration lakeward from the delta. On August 
15, a very heavy accumulation of debris was present 
a few meters lakeward from the delta produced by 
the western part of the current. Other more seat- 
tered masses of debris were located lakeward from 

TABLE 6. 
ple, numbers indicate animals per 100 square centimeters. 


JacK S. DENDY 


Effect of wave action on animals in zone of concentration. 


Ecological Monographs 

Vol. 14, No. 3 
the deltas produced by the middle and eastern por- 
tion of the current. Three samples were collected 
from these zones of concentration. Data from sam- 
ples taken during both wave action and calm (Table 
6) show that several hours of wave action distinetly 
reduced the number of creek animals in zones of con- 
centration, but that a day of calm allowed drift 
materials and animals to colleet in conspicuous quan- 


tities in areas lakeward from the newly formed 
deltas. These areas were the beginnings of new zones 


of concentration. 

Protection from wave action seemed to enable the 
creek animals to maintain their positions in the lake. 
In one location the eddies between the middle portion 
of the creek current and the water immediately to the 
west evidently set up some sort of protection 
the animals and debris on the bottom, while in 
other area protection was supplied by a log on the 
lake bottom. These facts show that many of the 
animals in the zone of concentration lakeward from 
the delta of Carp Creek were unable to maintain their 
positions when exposed to vigorous wave action. 

Effect on Bottom. During high water, before the 
delta extended out into the lake, the zone of coneen- 
tration of creek animals around the edge of the delta 
was somewhat protected by the stumps at the mouth 
of the creek. Later, when the water was shallower, 
the delta projected lakeward and the region where 
the creek animals collected in calm weather received 
vigorous wave action during storms. A few hours of 
wave action caused by southerly wind following 1 
period of calm made striking changes in the shape 
of the delta, its position, and even the direction of 
flow of creek water. Delta materials were formed 
into islands, spits, and beaches by waves from one 
direction, but were shifted to new positions by waves 


for 
an- 


Each column represents 1 bottom sam- 
A. August 11, 1941; exposed to direct wave action; 


B. August 11, 1941; protected between deltas; C. August 11, 1941; protected by log on bottom; D. August 12, 


1941; calm; E. August 15, 1941; calm. 
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from another direction. A series of maps, with 
beaches, islands, and deltas indicated, gives an idea 
of the changes observed (Figs. 7-14). 

Effect on Drifting Animals. In order that the 
effects of waves on drifting creek animals might he 
studied, glass-bottomed buckets were employed so 
that direct observations might be made. This method 
was used in all types of weather, from calm to a 
heavy storm. Because it was impracticable to observe 
all types of drift animals, since some of them were 
minute and inconspicuously colored, this portion of 
the work was restricted to the more abundant and 
larger kinds. The animals observed were the follow- 
ing: Chironomidae, Gammarus limnaeus, Asellus com- 
munis, Trichoptera, and Sparganophilus sp. (the only 
oligochaete sufficiently conspicuous to be followed by 
this method). Many typieal drift animals were ob- 
served as they were washed into the lake and as they 
settled to the bottom near the edge of the delta in 
calm weather, or as they struggled against waves dur- 
ing storms. Each kind of animal manifested certain 
characteristic activities. Further data were obtained 
by experiments. Living animals were collected from 
the creek and released near the edge of the delta to 
drift into the area visible under the glass-bottomed 
bucket. Activities of transplanted animals were typ- 
ical of the groups to which these animals belonged. 
Activities which seemed significant in determining the 
fates of these animals were as follows: 

Gammarus limnaeus: These animals practically 
always attempted to burrow in the sand or debris 
just lakeward from the delta. In calm weather 
burrowing took only a few seconds. Wave action 
usually disturbed the burrowing process and caused 
the animals to swim in cireles. Waves sometimes 
dislodged individuals which had been able to bur- 
row. Continued disturbance and active swimming 
evidently exhausted these animals, for they soon 
became passive and were washed about by the 
waves as if dead. Sometimes these animals clung 
to bits of debris and were rolled about from place 
to place during wave action. Oceasionally an in- 
dividual became attached to a bubble and floated 
upward into the waves or into the creek current 
before the bubble burst at the surface, allowing 
the an‘mal to settle several meters away. 

Chironomidae, mostly Prodiamesa sp. and Tri- 
chocladius sp., also a few Endochironomus sp. and 
Tanytarsus confusus (?): Usually chironomids 
were able to burrow, but less rapidly than gam- 
marids. Most of the individuals were able to bur- 
row completely out of sight within about 30 seconds 
after arriving at the bottom. Wave action dis- 
turbed burrowing activities and caused the animals 
to wriggle violently. These wriggling movements 
frequently raised the animals off the bottom into 
currents of water. When wriggling ceased the 
animals settled into other positions, the locations 
of which were dependent on the direction of the 
eurrent. 

Asellus communis: These animals settled to the 
bottom and crawled on the sand; evidently in 
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search of debris, for they remained active until 

they crept under something. During wave action 

they were rolled about with the objects to which 
they were clinging. 

Trichoptera, mostly of Limnophilidae and Bra- 
chycentrus americanus: None of these animals 
seemed to be content to remain in concentration 
zones, but restlessly attempted to crawl elsewhere. 
Usually the motion was in the same direction as 
that of the currents. When disturbed by wave 
action these animals usually retracted into their 
cases and were rolled about. Individuals of 
Brachycentrus americanus frequently crawled up 
on leaves of Potamogeton sp. and hung by threads. 
Usually the threads broke very soon and the ani- 
mals were washed a few centimeters farther as they 
fell. 

Sparganophilus sp. (only three were observed) : 
Only moderate wave action was sufficient to pre- 
vent these animals from burrowing. They washed 
about helplessly in creek and lake currents. 
During very rough weather it was impracticable to 

follow an animal for more than a few minutes be- 
cause of the waves and the high turbidity in the lake 
water during such conditions. During one storm 
from the south when the lake water was particularly 
turbid the creek water remained quite clear, and only 
in the region of the mouth of the stream where creek 
water was not covered by lake water was the bottom 
visible. The extent of the creek water not covered 
with turbid lake water is shown in Figure 11. This 
roughly corresponded to the lakeward limit of the 
delta. 

In times of calm or of moderate wave action it 
was possible to follow actions of individual animals 
with comparative ease. 

The addition of drift animals to zones of coneen- 
tration around the lakeward margin of the delta was 
observed in calm weather. Onshore waves washed 
these animals from their new positions and carried 
them shoreward. 

As trichopterous larvae did not remain in the zone 
of concentration even during calm weather, one indi- 
vidual of Brachycentrus americanus was followed for 
5 hours. Figure 10 shows the route taken by this 
animal during the period of observation. Other indi- 
viduals which were seen with the one being followed 
all displayed essentially the same activities. Behav- 
ior of these animals is ineluded in the foregoing 
records. 

During the period of several days preceding Aug- 
ust 7, 1941, the wind was from the north or north- 
west and caused little wave action at the mouth of 
Carp Creek. <A considerable amount of drift mate- 
rial had settled on the bottom around the lakeward 
edge of the delta. During early morning on this 


date there was a breeze from the southwest only, but 
by late forenoon a brisk wind developed from the 
same direction, causing an alongshore current moving 
eastward in the region of the mouth of the creek. On 
the bottom, in areas where the creek water formed a 
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layer below the warm lake water, this alongshore 
current was hardly noticeable and did not affeet the 
debris or animals in the concentration zones, except 
when waves churned the water to such an extent that 
hottom materials were lifted into the alongshore eur- 


rent. When this happened the animals were trans- 
planted a few centimeters eastward by the alongshore 


current and a short distance shoreward by the wave 
action before they settled to new positions on the 
lake bottom. If the ereek current hit the animals 
they were washed farther lakeward. The combina- 
tion of creek current, alongshore current, and wave 
action carried animals eastward along the lakeward 
edge of the delta, then shoreward. By the middle of 
the afternoon there was a scattered mass of debris 
and stream animals up on the beach approximately 
25 meters east of the creek, a region from which such 
material had been absent a few hours earlier. In the 
shallow water along this beach a large concentration 
of material, similar to that around the lakeward mar- 
gin of the delta, was present. Some of this material 
was washed ashore by almost every large wave. In 
the material on shore the following Carp Creek ani- 
mals seen: 12 of limnaeus, 1 of 
Asellus Animals which may have been 
from either creek or lake were: 1 of Sparganophilus, 
only a fragment, 1 chironomid pupa, 2 larvae of 
Orthocladiinae, 1 of Tanypodinae, and 1 of Hydro- 
psychidae. The area observed was only a meter or 
less wide and about 3 meters long. No attempt was 
made to take a complete census of the animals in the 
debris, but only a cheek to determine whether creek 
animals had been washed ashore in the region where 
none were present a few hours before. On the fol- 
lowing day individuals of Gammarus limnaeus were 
abundant on the portion of the beach deseribed. 
Chironomid larvae, probably Trichocladius n. sp. and 
Prodiamesa sp., the species usually seen, were fairly 


were Gammarus 


communis. 


abundant. 

These observations showed that Carp Creek ani- 
mals can be washed up on the beach east of the creek 
within a few hours by waves resulting from a south- 
west wind. 

Results. During calm weather or in periods of 
slight wave action creek animals and debris collected 
in a zone of concentration around the lakeward mar- 
gin of the delta (Figs. 12,13). During more vigorous 
wave action the accumulation of animals and debris 
shifted to new positions, usually east and west of 
the creek (Fig. 14). Secondary zones of concentra- 
tion were thus established in the shallow water near 
the beach. The latter zones were frequently about 1 
meter wide at the widest point and up to about 10 
meters long. A mass of roots along the shore or a 
log on the bottom often seemed to be the center about 
which the debris and animals collected. The force 
and direction of wind, alongshore current, and waves 
influenced the position of these concentrations along 
the shore. 


During one of the heavy storms a mass of debris 
and creek animals oceurred at the water’s edge about 
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25 meters west of the creek. Waves gradually washed 
this material up the beach. This mass teemed 
with individuals of Gammarus limnaeus, and chiron- 
omid larvae, mostly Prodiamesa sp. and Trichocladius 
n. sp. 

There were at least two important results of wave 
action: (1) the shifting materials of the delta were 
carried shoreward, and formed into spits, islands, 
and beaches; and (2) the major portion of the debris 
and animals in the zone of concentration just lake- 
ward from the delta were washed upon the nearby 
beach. 

The question arose whether or not these stream 
animals could maintain themselves in the lake environ- 
ment. In search of the answer, several experiments 
were made. Typical creek animals commonly found 
in drift samples and bottom samples near the mouth 
of the stream were transplanted to several stations in 
the lake to determine whether they would remain 
there. 


on 


TRANSPLANTATION EXPERIMENTS 


Evidence given previously (Fig. 5) indicates that 
drift animals settle on the lake bottom near the mouth 
of the creek. In order to learn something about the 
factors that limit the distribution of stream animals 
to this restricted area of the lake some transplanta- 
tion experiments were conducted. In these typical 
stream animals were transplanted to lake bottom in 
locations beyond the influence of the creek, but much 
like the area where drift animals settled. 

ixperiment I. The purpose of this experiment 
was to determine whether creek animals, when placed 
on the lake bottom in warm lake water, would be- 
come sufficiently established in the new environment 
to maintain their positions in the area. Similarities 
between the station selected for this experiment (Fig. 
1, a) and the region lakeward from the mouth of the 
ereek where much drift material settles were: (1) 
distance from shore about 25 meters; (2) presence 
of sandy shoal exposed to the waves produced by 
winds from the south; and (3) depth of water about 
0.7 meter. The chief points of difference were that 
the station for this experiment was: (1) about 400 
meters east of rather than directly lakeward from 
the creek mouth; and (2) in warm lake water instead 
of cold creek water. The selection of the exact spot 
for this station was made at random. The area, about 
(0.4 square meter, used in this experiment was marked 
by four stakes. Animals for the transplant were ob- 
tained from the bottom of the creek. About four 
liters of bottom material, which included approxi- 
mately 15,000 animals, were collected and placed in 
a bucket. In order to avoid suffocation of the ani- 
mals in the bucket they were carried to the selected 
area immediately and transplanted. Bottom debris 
was transplanted with the animals in preference to 
sorting out the animals and subjecting them to pos- 
sible injury. 

The transplantation was accomplished by lowering 
the bucket to the lake bottom and inverting it so that 
the contents would fall out. The bucket was held 
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upside down a few centimeters above the sand until 
the animals and debris had settled to the lake bottom, 
and then was lifted slowly, in order to avoid dis- 
turbance of the transplanted material. The creek ma- 
terial was spread over the chosen area as uniformly 
as was practicable. An approximate measure of the 
density of the population in this newly transplanted 
material was secured by obtaining a bottom sample, 
taken with the inverting sampler, immediately. In 
order to discover any change in this population addi- 
tional bottom samples were collected after (1) three 
hours, (2) two days, and (3) two weeks. In order 
to determine what lake animals might be expected in 
the samples from the experiment, bottom samples 
were collected from the transplantation area shortly 
before the addition of creek materials, and from the 
lake bottom about 3 meters farther west two days 
after the beginning of the experiment. This experi- 
ment began in late forenoon June 18, 1941, during 
calm weather which lasted until the middle of the 
morning June 20. Examination of the bottom sam- 
ples showed no decrease in population during the 
first three hours. Creek animals lived on the lake bot- 
tom for two days in calm weather, and at least a 
portion of them remained in the area where they had 
been placed. The sample collected the second day 
contained fewer experimental animals than samples 
obtained the first day. From information in other 
experiments it now seems probable that the reduction 
in population was due to seattering of the trans- 
planted animals or loss by predatory activities of 
fishes, rather than to chemical or temperature differ- 
ences encountered in the new environment. The ani- 
mals of significance in this experiment, since they 
were characteristic of Carp Creek but not of Burt 
Lake, were Prodiamesa sp., Tanytarsus confusus (°), 
and Trichocladius n. sp. The last-named species was 
represented by one individual in the bottom sample 
collected in the transplant area before the addition 
of creek animals, but no other specimen of this kind 
was collected in lake water away from creek influence 
during the entire investigation. Hence that individual 
was considered as a rare exception. Representatives 
of Endochironomus sp. oceurred in both ereek and 
lake, but usually were much more abundant in the 
former. The absence of this species from the sample 
collected two weeks after the transplanting suggests 
that even these animals could not withstand wave 
action, for a period of rough weather occurred dur- 
ing the two weeks they had been on the lake bottom. 
This experiment showed that some creek animals in 
warm lake water lived and maintained their positions 
on lake bottom for at least two days. The absence 
of creek animals after a period of wave action indi- 
cated that wave action possibly caused their dis- 
appearance. However, too much time elapsed be- 
tween the collecting of the sample during calm 
Weather and the sample after the storm for it to be 
certain that other factors were not involved. 
Experiment II. The purpose of this experiment 
was to determine whether strong wave action would 
prevent establishment of creek animals on the bottom 


in an area near the shore. The station chosen for this 
experiment (b in Figs. 1, 2) was about 25 meters 
west of the mouth of Carp Creek, 2 meters from 
shore, and in water about 0.3 meter deep. In Jate 
forenoon, June 20, 1941, there was a brisk southwest 
wind causing vigorous wave action along the beach 
west of Carp Creek. The station for this experiment 
was marked with stakes and a bottom sample was 
collected from the area. Creek animals were col- 
lected in essentially the same manner and quantity 
as in Experiment I and were transplanted in the 
same way. In the presence of considerable wave 
action the creek material did not settle readily to the 
bottom, but was seattered by the waves. A bottom 
sample was collected from the transplant to deter- 
mine approximately the abundance of the animals at 
the beginning of the experiment. In a few minutes 
the transplanted material became widely scattered. 
Bits of debris, and some pieces of Ranunculus sp. 
which were included in the transplant, were washed 
along the beach and into a mass of roots nearer the 
mouth of the creek. At the end of an hour no visible 
trace of the black bottom material was left in the 
area marked off by the stakes. A bottom sample 
collected from that area contained no animals. The 
sample collected before addition of creek material 
contained only one small larva of Orthoeladiinae. 
The sample obtained in the transplantation area be- 
fore the transplant was washed away ineluded 32 
animals. It is certain that waves in combination 
with alongshore current washed these animals from 
the transplantation area. 

The final fate of the animals in this experiment is 
unknown. Because of the presence of masses of 
roots and drift wood along the beach immediately 
west of the mouth of the creek, it could not be deter- 
mined whether the animals were washed ashore. The 
fact that some of the bits of Ranunculus sp. became 
tangled in the roots was an indication that animals 
met the same fate. Possibly these experimental ani- 
mals did not remain in the area because, owing to the 
wave action, they did not have sufficient time to bur- 
row in the sand. Similar inability of drift animals 
to become established around the mouth of the creek 
during storms will be discussed later. 

Experiments I and II were not comparable because 
neither weather conditions nor the distances from 
shore were the same in the two experiments. For 
the sake of brevity the data from these two experi- 
ments have been omitted from Table 7. Two other 
experiments (IIT and IV) were conducted at different 
distanees from shore, but coneurrently in order that 
they should be comparable. 

Experiments III and IV. The purpose of these 
experiments was to determine (1) whether trans- 
planted creek animals could maintain their positions 
more successfully in water 4 meters from shore, or 
about 30 meters farther lakeward, and (2) whether 
stream animals transplanted west of the creek would 
respond differently from those transplanted about the 
same distance from the shore east of the creek. Sta- 
tions chosen for these experiments were about 420 
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TABLE 7. Data from transplantation experiments. Columns under Experiments III and IV represent bottom 
samples; those under V and VI represent only the portions of the transplants examined. 
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meters west of the mouth of the creek (Fig. 1, ¢), fered no ill effects from this treatment. The net was 
definitely out of the influence of stream water. The more efficient than the bucket used in Experiment I 
areas were on a sandy shoal very similar to the loca- and II, for when using the former the transplant 
tion chosen for Experiment I. The exposure was a_ material could be placed directly on the desired area. 
little more westerly and the water slightly shallower, Transplantation was accomplished by constricting the 
but other features were essentially alike. The station net above the contents with one hand, placing the 
for Experiment III, 4 meters from shore, was in rim of the net on the bottom of the lake with the 
water about 0.3 meter deep. This location was chosen other hand, finally everting the net and leaving the 
because (1) it was at the shoreward margin of the transplant on the designated spot. Transplant ma- 
very gradual slope of the lake bottom and was just terial was obtained in creek water at a temperature 
lakeward from the steeper slope near the shore, yet of 13.5° Centigrade and placed in lake water at 22° 
(2) was near enough to shore to be affected by the Centigrade. 
bottom currents resulting from the wave action in A few minutes after creek material was placed on 
times of south or southwest winds. Experiment IV, the lake bottom in Experiment III a school of about 
about 34 meters from shore, was in water approxi- 24 small fishes (sp. ?) began to feed in the trans- 
mately 0.5 meter deep. This location was chosen be- plant. No fishes were seen during Experiment IV. 
cause it was (1) about the same distance from shore In order to discover any decrease in the number of 
as Experiment I, (2) about as far from shore as the animals in the transplants during Experiments III 
lakeward limit of the area where much stream drift and IV, bottom samples were collected from these 
material settled on the lake bottom, and (3) in only areas after intervals of 1 hour, 5 hours, 1 day, and 
slightly deeper water than Experiment III. Bottom 3 days. Mild wave action during comparatively 
samples for lake animals were collected from both calm weather throughout these 3 days resulted in al- 
stations and stakes were driven to mark the areas. most total elimination of creek animals from the area 
Approximately the same quantity of stream ani- used in Experiment III (Table 7). However, in the 
mals and bottom materials as used in Experiment I area used in Experiment IV the transplanted ani- 
was sereened, then concentrated in a cloth net to a mals remained fairly abundant, except that Gam- 
volume of about 2 liters and quickly carried to each marus limnaeus was not represented in the last two 
area for transplanting. The animals apparently suf- samples collected from that station. It is possible 
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that the disappearance of gammarids from these areas 
was partly due to their habit of swimming actively 
rather than hiding when disturbed. This behavior 
would scatter the population rapidly and make the 
individuals more subject to predation than other ani- 
mals in the transplant. 

Results from Experiments III and IV indicated 
that creek animals were able to live in lake water, 
but were not able to withstand the action of waves, 
and perhaps predation by minnows. 

Experiment V. The purpose of this experiment 
was to determine whether there was anything con- 
cerning the chemistry and temperature of Burt Lake 
water or anything present on the bottom which would 
prevent Carp Creek animals from living in the lake 
if they were protected from the mechanical action 
of waves and from predation by fish. The position 
chosen for this experiment was only a few meters 
from that of Experiment IV. This location was 
selected for the following reasons: (1) the bottom 
was a sandy shoal, essentially like that of the area 
where stream drift animals settled in the lake; (2) 
the water was about the same depth as that in the 
zone of concentration around the lakeward edge of 
the delta; (3) the temperature was typical of the 
shallow lake water on a shoal; and (4) the exposure 
to wave action, from which this transplant was to be 
protected, was similar to that near the mouth of the 
creek. 

ixperiments IIT and IV ean be considered as con- 
trols for this experiment as they were instances in 
which the transplant was not protected. 

Physico-chemical analyses of Carp Creek and Burt 
Lake waters during Experiment V revealed a close 
similarity of these waters, except in temperature. 
Data from these analyses are shown in Table 8. 


TABLE 8. Data from physico-chemical analyses of 
Carp Creek and Burt Lake waters, July 14, 1941. 








Carp Creek Burt Lake 
Temperature (°C.)..... ed 10.0 21.5 
ee 6.78 6.1 
LS 2 0.0 0.0 
Bicarbonates (p.p.m.)...... 155.0 127.0 
Carbonates (p.p.m.)....... 10.0 14.0 
ORR AS Aa ERE ace 7.9 8.4 
Conductivity (mho.)....... 290.0 275.0 











In order to isolate the small area chosen for Ex- 
periment V a bottomless bucket was thrust into the 
lake hottom, so as to disturb the enclosed material 
as little as possible, until only the upper 10 cen- 
timeters of the bucket remained above lake bottom. 
Transplant material was collected from the creek 
bottom, screened, concentrated in a cloth net, and 
carried immediately to the selected area. This mate- 
rial was placed on the sand enclosed in the partially 
submerged bucket. In order to avoid undue crowd- 
‘ng only about 1 liter of concentrate was used. A 
locsely woven cloth was then tied securely over the 
top of the bucket to retain the animals within, and 


yet allow free intermixture of the enclosed water with 
that of the lake. Thus about 1 liter of debris and 
creek animals was confined in a space which was 10 
centimeters deep with an area equal to that of the 
top of an ordinary 10-quart bucket. The creek animals 
here were essentially like those present in the zone 
of concentration near the lakeward edge of the creek 
delta, the environment of the former differing from 
that of the latter in the temperature of the surround- 
ing water and in the absence of wave action and 
creek current. The presence of organie debris prob- 
ably reduced the dissolved oxygen content of the 
water in the bucket, and the concentration of animals 
was greater than that in the region lakeward from 
the creek delta; therefore the experimental conditions 
were less favorable for these animals than conditions 
existing for the drift animals, except for the pro- 
tection just mentioned. 

The transplant was left for one week. In order to 
recover the animals for study the sand was dug away 
from and a board was thrust under the bucket. The 
board served as a bottom while the bucket, the en- 
closed sand, and the transplant were being lifted 
into a tub. When the cloth was removed from the 
top of the bucket, most of the animals were found 
to be in exeellent condition. Only a portion of them 
was saved and counted to compare number of dead 
animals with number of living (Table 7). Most of 
the animals were alive and vigorous. Several indi- 
viduals of Gammarus limnaeus were dead, but those 
still alive seemed to be in good condition. It is of 
special interest that 314 individuals of Tanytarsus 
confusus (?) were alive, while only 17 dead indi- 
viduals were found. No other dead chironomid lar- 
vae were found in the portion of the transplant 
examined. 

Experiment VI. The data from Experiment V 
show that there was nothing deleterious about the 
lake environment, even in crowded conditions. How- 
ever, as the duration of the experiment was only 1 
week a similar experiment was set up and allowed to 
continue for 2 weeks. Location of Experiment VI 
was about a meter away from that of Experiment 
V. Methods of obtaining animals and transplanting 
them were those described for Experiment V. At the 
end of the 2 weeks most of the creek animals were 
active and showed no ill effeets from the lake environ- 
ment; Table 7 shows the number of dead animals and 
living ones found in the portion of the transplant 
examined at the end of Experiment VI. Other ex- 
periments keeping the creek animals in the lake for 
longer periods were not attempted, but there was no 
evidence to indicate that these animals might not 
thrive for extended periods. Experiments V and VI 
show that creek animals ean live on lake bottom for 
a considerable time if protected from wave action, 
creek current, and predation. Environments in these 
experiments were less favorable than conditions ex- 
isting in Experiment IIT and those present for drift 
animals located around the lakeward edge of Carp 
Creek delta. Since mild wave action depleted the 
supply of creek animals in Experiment IIT, and 





























































































































































































































































































354 JACK 8. 
since the drift animals in the zone of concentration 

around the lakeward margin of the delta at the 

mouth of Carp Creek were periodically washed away 

by waves during southerly winds, the protection from 

mechanical action of waves appeared to be essential 

for the maintenance of animals the lake 

bottom. 


creek on 


OBSERVATIONS ON BEACH 


The purpose of observations on the beach was to 
determine whether Carp Creek animals were washed 
up on the shore of Burt Lake. Most of these ob- 
servations were made possible only by crawling along 
the shore on hands and knees. It was found that 
many animals on the ground were not visible from 
an erect position. Creek animals were detected by 
the following methods: (1) rapid survey of the sand 
and debris, confining attention to the larger and more 
(2) 
careful and orderly scrutiny of every square cen- 
timeter of restricted (3) a combination of 
studying the surface and seratching in the debris on the 
beach to reveal hidden animals; (4) picking debris up 
in the hands and carefully going over it under close 


conspicuous animals exposed on the surface; 


areas, 


observation; (5) digging down into the beach-sand 
and debris to reveal animals buried during recent 
storms; and (6) picking up a sample of beach mate- 


rial and sorting the animals in water in a white 
enamel pan. Of these methods the first was the 


quickest way to obtain an idea of the general dis- 
tribution of animals. The last method revealed small 
well as large animals present in highly variable 
numbers of individuals. 


On August 14, 1941, after 
the beach showed effects of severe wave action. In 
order to determine whether animals had been buried 
under the sand and debris washed upon the beach 
by waves, the fifth method for observation was used. 
Beach material was examined from various depths 
below the surface. Many creek animals were pres- 
ent as far as 4 centimeters below the surface of the 
sand. One living chironomid larva was found in a 
mass of debris covered by 10 centimeters of beach 
material. At that depth the debris and sand were 
quite wet, and the animal was able to remain alive 
until at least a few hours after the storm. Though 
water, food, and possible dissolved oxygen may have 
been present in the beach material in sufficient quan- 
tities to sustain lives of animals for some time, it is 
highly improbable that chironomid larvae could effect 
metamorphosis and escape from the beach. The ani- 
mals in the upper few centimeters of sand almost 
certainly succumbed to desiceation. 


as 


a storm from the south, 


Animals observed the beach were in various 
conditions from moderate activity to a state of frag- 
mentary decay. Creek animals collected on the beach 
were the following: Asellus 
limnaeus, Nemoura venosa, Brachycentrus americanus, 


on 


communis, Gammarus 


Chironomus 
‘F}. 


Prodiamesa Trichocladius n. 


(Harnischia 


sp., 


?) 


sp., 


sp., and Tanytarsus confusus 
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Representatives of Orthoeladiinae and Endochiron- 
omus (?) sp. also were found on the beach, but they 
could have been from either the creek or the lake. 
Individuals of Gammarus limnaeus and the larger 
larvae of Chironomidae were the most easily visible, 
gammarids being seen more often than any of the 


other animals. Almost without exception, on days 
when there was an abundance of animals on the 
beach, one or more shore birds and sparrows were 


seen feeding there. Tracks of 


abundant on the beach. 


birds were usually 


On some days the beach east of Carp Creek was 
strewn with stream animals, particularly if the wind 
was from the southwest. When wind was from the 
south or southeast the animals washed up this 
beach were often entirely lake species. The beach 
west of the creek usually had some stream animals 
on it if there was any considerable wave action. The 
more regular occurrence of creek animals on the west 
beach than on the east beach was probably due to 
the fact that the main flow of creek water in the 
lake was in a southwesterly direction; thus more ani- 
mals drifted to the lakeward from the west 
beach than to that lakeward from the east beach. The 
direction and intensity of the wind determined the 
locality where the creek animals were washed upon 
the beach. 


on 


area 


On August 7, 1941, the beach west of the creek 
showed a series of distinet rows of debris. The row 
nearest the lake was the newest and had numerous 
living and dead animals in it, but animals in other 
rows had been eaten, 
state of odorous deeay. 
main long on the beach. As a general rule stream 
animals were present along the newest row imme- 
diately after wave action. 


were in a 
Creek animals did not re- 


were covered, or 


Facts concerning animals on the beach can most 
easily be shown by maps. On July 21, 1941, a sand 
bar was present lakeward from the beach west of 
Carp Creek (Fig. 9). Waves broke on this bar and 
frequently barely washed over it. The lakeward side 
was free from debris. As waves washed over the bar 
they lost foree and dropped their load of debris and 
animals on the sand bar’s gentle shoreward slope. By 
the next day wave action of a storm had built up a 
connection between the sand bar and the beach, pro- 
ducing a peninsula. The debris on this peninsula 
contained numerous ereek animals. 


As waves broke over the sand bar and later over 
the peninsula, much of the debris and many of the 
animals were washed into the calm water behind the 
peninsula. At first this water was freely connected 
with the lake so that some of the animals may have 
made their way back to the lake. Later, because of 
the presence of a log on the bottom, the western end 
of the bay was cut off, forming a pool (Fig. 12). 
Wave action continued to wash animals and debris 
into the pool until the entire bottom was covered 
and a mass of debris was piled up above water level 
along the lakeward margin of the pool. This severely 
crowded pool soon beeame quite stagnant and odorif- 
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erous. It is doubtful if any of the creek animals 
in the pool survived. 

The beach east and west of the creek was covered 
here and there with fallen trees, masses of roots, and 
piles of miscellaneous materials. Animals and debris 
were often entrapped in the depressions between 
roots, Whether in the water or on shore. Most of the 
ereek animals on the beach were less than 50 meters 
from the mouth of the stream. The beach was stud- 
ied at varying distanees from the creek in order to 
determine how far stream animals were earried be- 
fore being washed ashore. Examination of the beach, 
special attention being given to collections of debris, 
extended from about 400 meters west to an equal dis- 
tance east of the ereek. No creek animals were 
found on the beach farther than 150 meters from the 
mouth of the stream. 


Data obtained by observing the shore of Burt Lake 
proved that Carp Creek animals were washed onto 
the beach near the mouth of the stream during wave 
action. Animals on the beach were especially abun- 
dant in piles of debris. After being washed ashore, 
ereek animals were: (1) stranded on the sand or in 
piles of debris; (2) eaten by birds; (3) covered by 
additional debris; (4) buried under layers of beach 
material as much as 10 centimeters thick; (5) killed 
by desiceation; (6) or washed into an over-crowded 
beach pool where death soon occurred. The direc- 
tion and intensity of the wind determined where the 
stream animals were washed ashore. 


RELATION OF FISHES TO DRIFT 
ANIMALS 


It seemed pertinent to determine (1) whether fishes 
which frequent the area around the mouth of the 
stream eat creek animals, and (2) whether fishes are 
sufficiently abundant in that region to aceount for 
any considerable disappearance of drift animals. 


During some of the experiments with transplanted 
creek animals minnows gathered about the areas 
where debris was placed on the lake bottom. Small 
fishes were frequently observed in the warm lake 
water east and west of the creek, but the only species 
seen in the cold water near the mouth was Cato- 
stomus commersonnii (Lacépéde). Individuals of this 
species occasionally swam up into the stream. Small 
minnows oceurred near shore about 25 meters west of 
the creek, and apparently fed in a mass of debris 
washed from the concentration zone. On one ocea- 
sion a school of small fishes was seen lakeward from 
the mouth of the creek swimming near the surface, 
apparently avoiding the cold creek water below. 


During the summers of 1941 and 1942, the area 
near the mouth of Carp Creek was seined 18 times. 
A minnow seine was used. Samples were collected 
during day and night to determine at which time 
fishes were more abundant in that area, and to obtain 
specimens for stomach examination, in order to dis- 
cover whether they had eaten creek animals. Fishes 


were most easily obtained shortly after midnight. 
On several occasions no fishes were caught. 

From field observations during the entire inves- 
tigation and from data (unpublished) concerning 
areas seined, dates, time of day or night, number and 
size of fish eolleeted, and the animals contained in 
alimentary canals of the fishes the writer draws the 
following conelusions: (1) fishes were not abundant 
in the cold water at the mouth of Carp Creek; (2) 
fishes present at the mouth of the stream, and in the 
current of creek water in the lake, ate creek animals; 
(3) some fish, Catostomus commersonnii, Boleosoma 
nigrum (Rafinesque), and perhaps others, present in 
the warm lake water, fed on ereek animals; (4) 
Catostomus commersonnii, especially large individuals, 
ate large numbers of chironomid larvae and other 
animals belonging to species typical of Carp Creek; 
and (5) fishes in this area were too few and for the 
most part too small to account for the disappearance 
of any considerable portion of the drift animals 
which enter Burt Lake from Carp Creek. 


DISCUSSION 


Although drifting may not be a normal event in 
the life of the individual animal, the occurrence of 
aquatic animals in the drift in the three streams 
studied is natural, even though the streams are not 
subject to flooding. The number of organisms per 
sample was subject to great fluctuation. Drift sam- 
ples contained representatives of a wide variety of 
species. In general the same groups of animals were 
represented in all three streams, but there was con- 
siderable stream individuality so far as species were 
coneerned. 


The presence of aquatic animals in all the drift 
samples collected in the three streams gives evidence 
that the streams were constantly reducing their 
animal population by washing individuals away 
in the drift. Aquatic animals in drift samples taken 
at the mouth of Carp Creek, and in that part of the 
creek current extending out into the lake, showed 
that these organisms were being washed into the lake 
continuously. The reduction of bottom population 
in this stream was quite marked near the mouth of 
the creek. 


Needham (1929) and Moffett (1936) found that 
erosion due to floods conspicuously reduced the popu- 
lation of streams. But Carp Creek is not subject to 
floods, consequently comparatively little erosion is 
present. However, the bottom is composed almost 
entirely of very fine sand, which shifts readily when 
subjected to even slight erosion. During summer, 
the fall of water level in Burt Lake inereases the 
slope gradient between stream and lake. The rate 
of flow of creek water is increased and erosion of 
the bottom takes place. Erosion in 1940 and 1941 
removed considerable sand from the middle of the 
stream bed. Most of the animals were removed from 
that portion of the bottom where the erosion channel 
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developed. Animals continued to be abundant in 
areas protected from erosion. The effectiveness of 
this erosion was probably due to the nature of the 
stream bottom. The abrupt entry of Carp Creek 
water into Burt Lake prevented the animals from 
settling to the stream bottom and allowed them to be 
washed out into the lake. 


Creek water flowed well out into the lake with con- 
siderable force. The presence of creek water on lake 
bottom produced an evironment which, during calm 
weather, appeared to be much like that in the stream. 
However, distribution of the stream animals which 
drifted into the lake was restricted to the area im- 
mediately lakeward from the margin of the delta. 
This distribution indicates either that the animals 
settled to the bottom very rapidly when the force of 
the current was somewhat reduced, or that the drift 
animals were being swept along the bottom of the 
stream and were unable to stop until they were 
washed over the edge of the delta. 


The immediate fate of most drift animals during 
calm weather was to settle in the zone of concentra- 
tion around the delta. Most of them were able to 
burrow into the lake bottom. Experiments showed 
that stream animals could survive the thermal and 
chemical conditions of the lake for at least 2 weeks. 
During periods of calm the population in the zone 
of concentration increased rapidly. However, the 
number of animals per bottom sample in the zone of 
concentration never equaled that in the uneroded 
areas of the stream bottom. During periods of wave 
action the animals were not able to burrow. Usually 
they were washed around the edge of the delta to a 
concentration of animals and debris near the beach 
and from there were washed up on the beach. 


Periods of wave action, after irregular intervals of 
calm, washed most of the drift animals from the lake 
bottom to the beach. Death of these organisms al- 
most certainly followed. Some of them were eaten 
by birds, and perhaps mammals; some were buried in 
beach material; and others succumbed to desiccation. 


The passage of stream animals from Carp Creek 
into Burt Lake is influenced by, but not entirely 
dependent upon, the lowering of the surface level of 
the lake. In this situation drift animals are a loss 
to the stream. Most drift animals in Burt Lake prob- 
ably do not complete their life cycles, but meet an 
early death. The death of drift animals which enter 
Burt Lake from Carp Creek is largely due to the 
action of waves in washing them upon the beach. 


SUMMARY 


1. Special methods for sampling stream drift and 


stream and lake bottom are described. 

2. A total of 71 kinds of macroseopie aquatic ani- 
mals, distributed in seven phyla, have been recorded 
from drift in 3 streams. 

3. Presence of animals in stream drift, although 
highly variable in quantity and auality, was the eon- 
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stant situation. Large quantities of drift material, 
including animals, are carried into Burt Lake by 
Carp Creek. 

4. In general the same larger groups of animals 
were represented in all 3 streams, but there was con- 
siderable stream individuality as to species. With in- 
significant exceptions, all species which occurred in 
the bottom samples from Carp Creek were sooner or 
later found in the drift of that stream. 

5. Most of the drift animals which entered Burt 
Lake settled to the bottom immediately lakeward from 
the margin of the delta, where a zone of concentra- 
tion was established. Distribution of drift animals 
on the lake bottom beyond the zone of concentration 
was not dependent upon the distribution of creek 

yater in the lake. 

6. Fall of surface level of Burt Lake affected the 
drift animals in the following ways: (a) inereased 
speed of the creek current and of bottom erosion 
for at least 85 meters upstream from the mouth; 
(b) altered quantity and probably quality of drift 
animals entering the lake; (¢) caused lakeward ex- 
tension of the delta; and (d) exposed drift animals, 
in concentration zone, to more vigorous wave action. 


_— 


7. Observations and experiments showed that drift 
animals could maintain positions on the lake bottom 
during the absence of, or while protected from, wave 
action. 


8. Wave action affected the drift animals in the 
following ways: (a) prevented burrowing; (b) par- 
tially or completely depopulated the zone of concen- 
tration; (¢) washed animals upon the beach near the 
creek; and (d) changed the position of delta mate- 
rials to form islands, spits, and sand bars upon which 
creek animals were stranded. 

9. Creek animals on the beach met the following 
fates: (a) were buried in beach material; and (b) 
succumbed to desiceation. Predatory activities of 
fishes accounted for disappearance of only a minor 
portion of the drift animals which entered the lake. 

10. Most of the animals drifting from Carp Creek 
into Burt Lake did not survive for extended periods 
of time. The major factor in the lake environment 
which determined the fate of drift animals was wave 
action. 
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